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Foreword

This book is the fifth volume of the “Occupational Safety and Hygiene” series. It presents a selection or
112 articles submitted to SHO2017—International Symposium on Occupational Safety and Hygiene, the
13th edition, which is annually organised by the Portuguese Society of Occupational Safety and Hygiene
(SPOSHO). These articles were written by 395 authors from 12 different countries. Each manuscript
was peer reviewed by at least 2 of the 110 members of the International Scientific Committee of the
Symposium. These international experts cover all scientific fields of the event.

The editors would like to take this opportunity to thank the academic partners of the organisation of
SHO2017’s, namely, the School of Engineering of the University of Minho, the Faculty of Engineering
of the University of Porto, the Faculty of Human Kinetics of the University of Lisbon, the Polytechnic
University of Catalonia and the Technical University of Delft. We also would like to thank the scientific
sponsorship of more than 20 academic and professional institutions, the official support of the Portuguese
Authority for Working Conditions (ACT), as well as the valuable support of several companies and
institutions, including the media partners, which have contributed to the broad dissemination of the event.
Finally, the editors wish also to thank all the reviewers, listed below, which were involved in the process of
reviewing and editing the included papers. Without them, this book would not be possible.

To conclude, we hope that this book will be a valuable contribution to improving the results and
dissemination of research by academics involved in SHO2017. It is work done in different areas, showing
new research and methodologies, giving visibility to emerging issues and presenting new solutions in the
field of occupational safety and hygiene.
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Environmental risk assessment for discharge of hazardous ship waste

F. Ferreira & C. Jacinto

UNIDEMI, Research Unit—Mechanical and Industrial Engineering, Universidade Nova de Lisboa,

Caparica, Portugal

H. Vaz
Cleanport, S.A., Lobito, Angola

ABSTRACT: This paper reports a study of an environmental and occupational risk assessment of
two processes, regarding the transfer/discharge of hazardous ship waste (sludge and oily waters). Fol-
lowing the methodology suggested by the Spanish Standard UNE 150008:2008, a number of accident
scenarios (n = 7) were created and their respective risks evaluated, focusing on environmental matters.
The results pinpointed several aspects needing priority attention, mostly within procedures and equip-
ment. To improve the safety of those processes, the authors proposed a number of recommendations.

1 INTRODUCTION AND BACKGROUND

In the aftermath of major accidents like Seveso
or Chernobyl, specialists started to look for ways
to assess the risks in their industries. Interna-
tional Bodies provided complex methodologies
like ARAMIS (Accidental Risk Assessment for
Industries in the framework of Seveso II) (Salvi
& Debray 2006), or FSA (Formal Safety Analysis)
established by the IMO (International Maritime
Organisation) (Kontovas & Psaraftis 2009). Major
accidents involving dangerous substances repre-
sent a significant threat to humans and the envi-
ronment. Furthermore such accidents might cause
massive economic losses and disrupt sustainable
growth (EU Directive Seveso-III 2012).

The application of some well-known methodol-
ogies can be difficult due to their range being either
quite specific (narrow) or, too wide, requiring high
level knowledge of experts of different areas. That
is why industries started to look for simpler and
qualitative methods (Bahr 2006, p. 2795).

The Spanish Standard UNE 150008:2008 pro-
vides a practical and easy to understand meth-
odology. It includes instructions for hazard
identification and tools for risk evaluation.

Despite a large variety of studies on risks related
to maritime transportation of hydrocarbons, less is
found in the literature with regard to ship’s sludge
and oily waters (ship waste) (eg: Ronza et al. 2006,
Zuin et al 2009).

The objective of this work was to carry out a risk
assessment of two processes, regarding the transfer/
discharge of hazardous ship waste. The assessment
covered both occupational and environmental risks,

although with an emphasis on the latter case. The
processes studied were:

1. the discharge of waste in the Port of Lobito,
from the ship to a truck-tanker;

2. the discharge of such waste into the company
storage facilities.

The case described here focuses on one particu-
lar hazard: “spill of hazardous ship waste in the
soil and the sea water”.

The company studied is called Cleanport
(Lobito, Angola) and is specialized in industrial
waste management, industrial cleaning and naval
maintenance.

2 METHODOLOGY

The methodology applied in this study was selected
upon three factors: it is easy to understand, to apply
and provides all tools one needs to perform the risk
analysis and assessment. Another plus is that the
way the results are presented makes it understand-
able for any person who has only a notion of the
subject matter.

The standard UNE 150008:2008 is composed
of 5 main steps. It is recommended a multidiscipli-
nary team to take into account the several facets.
The first step is the “hazard identification”. This
step is essential because everything will revolve
around those identified hazards. The second step
is the “accident scenario design” where accident
scenarios are created. The third step is called “fre-
quency/probability estimation”. For each accident
scenario, it is necessary to estimate its probability



Table 1. Environmental risk assessment of accident scenario #5 (illustration example).

Accident Scenario #5

Accidental scenario Spill of sludge in the facilities (grounds/soil)
Causes of the accident Collision of truck-tanker against one of the large deposits in land
(3000 m?® capacity)
Initial element (event) Deposit rupture
Scenario description The truck-tanker hits the lateral wall of the deposit during maneuvering.
This causes a rupture and a spill
Existing control and Containment basin with 50 m?
mitigation measures Spill response equipment ready at the site
Workers are trained in containment procedures
Recommended control Maintenance and enlargement of the current containment basin
measures (additional Create a safety perimeter around the deposit, preventing vehicle access
improvement) (e.g.: concrete or iron pins)

Segmentation of the deposit
Replacement of the deposit by several others with lower capacity
Impermeabilization of the installation floor/soil

Frequency classification scores
Frequency Likely—this occurrence is directly related to an human error 2
Classification of quantity, dangerousness and extension of release
Quantity (Q) The tear in the wall is likely located 1.5 meters from the floor. Assuming 4

that the deposit is almost full, with a level height of 14 meters and

storing around 3 millions of liters, the release will correspond to the

remaining 12.5 meters of residue, which is equivalent to 2 million

and 678 thousand liters (2678 m?)

Residue average density (it depends on the quantity of water) = 0.90 kg/dm?
Q=2.678 m*x 0,90 kg/dm® = ~2410 ton > 500 ton (very high quantity)

Dangerousness Inflammable, toxic, toxic for water species 3
Extent of release Very extensive area—given the quantity of residue spilled, it is very likely 4

that it could occur underground water and sea water contamination,

since the installation is located near the coast
Natural environment classification
Acute Losses exceeding 50% of all species and biomass that were in contact 3

with the residue, only a long term recovery is possible
Human environment classification
Very high Impossible to determine the number of people affected by the 4

contaminated drinking water and the contaminated species/biomass

losses (likely to be > 100 people)
Socioeconomic environment classification
High Extensive damages to the company installations and equipment.

Might affect local livestock and agricultural activity 3
Severity of the outcome—classification (c.f. Table 2) Severity Score Classification
Natural 4+2x3+4+3=17 4 Serious
Human 4+42x3+4+4=18 5 Critical
Socioeconomic 4+2x3+4 +3=17 4 Serious

Environmental risk classification—final score

Risk Classification
(scenario #5)

Natural 2x4=8
Human 2x5=10
Socioeconomic 2x4=38

Moderate risk
Moderate risk
Moderate risk




Table 2. Formulas for severity and environmental risk classification.

Severity on natural environment =

Severity on human environment =

Quantity + 2 x Dangerousness + Extent + Quality of the environment

Quantity + 2 x Dangerousness + Extent + Affected population

Severity on socioeconomic environment = Quantity + 2 X Dangerousness + Extent + Patrimony and productive

capital

Environmental risk classification = Frequency X Severity scores.

or frequency of occurrence. In this study, the esti-
mation of frequency was based on the company’s
accident historical data.

The forth step is “risk assessment”. This step
can be divided into two phases: “severity of the
outcome” (or consequences) and “environmental
risk estimation”. The severity of the outcome is
estimated for three dimensions (or environments):
human, natural environment and socioeconomic.
For that, it uses four variables, three of which are
common to all three dimensions. The common var-
iables are: the quantity of spilled/released/burned
residue, the dangerousness of the residue and the
extent of release (i.e., affected area). The forth
variable is specific for each environment. For the
human dimension, it evaluates the affected popu-
lation, whereas natural environment is assessed
in terms of damage caused to natural species and
alike. Finally, the socioeconomic environment is
evaluated through monetary and capital losses.
The standard UNE 150008:2008 provides tables
with criteria and scores for all the variables used
in the assessment process. Some of these variables
are rated 1-4 (being 4 the worst case), while oth-
ers are rated 1-5 (being 5 the worst case). At the
end, after combining all variables, one will obtain
the final level of risk, for which the highest level is
“very high risk” (scored 21-25). In this approach
the final assessment returns three risk results, one
for each dimension (human, natural environment
and socioeconomic). As in any other methodol-
ogy, the last step (5th) refers to “recommenda-
tions” where analysts should suggest measures for
improvement.

The methodology is partially demonstrated in
Tables 1 and 2.

3 RISK ASSESSMENT

3.1 Description of case study

This application case-study was carried out in the
company Cleanport, located in Lobito (Angola).
Being a fairly new company (3 years of activity), it
was created to help complying with the MARPOL
(marine pollution convention) in Angola, which
was neglected. Their activity started in Port of
Lobito but after performing 100 services to ships,

they expanded their activity to naval maintenance,
as well as industrial cleanings and industrial waste
management. Their liquid waste storage capacity is
over 7400 m? of which 6000 m? are reserved for oily
waste from ships and industrial machinery (two high
capacity deposits, approximately 3000 m? each).

The first process analysed was the discharge
of ship waste in the Port of Lobito. This waste is
discharged to a truck-tanker parked in the dock,
using the ship’s pump and high pressure hoses. At
each end, there is an emergency stop button for the
pump. This process requires one chief of opera-
tions and 2 field workers. The workers are respon-
sible for the preparation and connections (hoses
and gaskets), as well as verifying the level of resi-
due in the truck-tanker. The chief of operations,
in addition to supervision, is responsible for the
equipment inspection before and after the pump
starts.

The second process takes place at the company’s
facility where the land deposits are located. The pro-
cedures are very similar to each other (i.e., from ship
to truck-tanker and from this to land deposit). The
amount of residue handled in both processes may
vary from 5 m?to 30 m? (maximum capacity of tank-
ers), and pumps that can have a flow over 100 m? per
hour. For instance, in one of the scenarios analysed
the estimated amount of spilled residue exceeded
2000 m?, which indicates a major spill event.

3.2 Results and discussion

As mentioned before, the main hazard analysed
was the spill of dangerous residues, i.e., oily
ship waste. The 7 accidental scenarios created
involved hoses and deposit ruptures, incorrect
connections, insufficient inspections and valve
malfunctions.

The first scenario (Acc Scenario #1) considers
a rupture in a high pressure hose during the dis-
charge from the ship to the truck-tanker. This task
is illustrated in Figure 1.

This kind of accident has already occurred in
the company and it was due to the hose degrada-
tion. Since this work is performed outdoors, next
to the sea, in a tropical country (extreme humidity,
radiation, high temperature), the equipment suf-
fers a fast ageing and degradation.



Figure 1.

Discharge from ship. Connecting hoses.

The frequency of hose rupture due to ageing was
estimated based on the company’s records, which
indicated that this type of occurrence happened 2
times in the first 3 years of activity. This is trans-
lated in a score of 3 (likely) by the UNE standard.
Then, the variables relative to the residue (sludge)
were estimated. The quantity of spilled residue was
estimated using an average time of the potential
spill and the pumping flow.

Based on past experience, an average of 15 sec-
onds spill was considered plausible; such time, with
a flow of 20 m3/h, resulted on a calculated spill of
83.3 litres, which received a score of 1 (very little
quantity, <5ton).

Since hydrocarbons are inflammable and toxic,
the dangerousness was classified with a score of
3 (dangerous). Additionally, 5 occupational risks
were identified: 1) contact with hazardous sub-
stances (through nose and mouth, via inhalation),
2) contact with a hot fluid or hose, 3) struck by
object (whiplash effect), 4) fall of worker against
the floor, and 5) drowning in the sea. All these
occupational risks were assessed as “high risk
level”, with the exception of “being struck” by the
projected hose (#3), which was classified “very
high risk”.

As for the extent of release, in scenario #1, it was
established that this accident might cause contami-
nation of sea water, which can affect an area over
1 km radius (score 4 - very extensive area). Even
though the company uses containment booms to
control the spill, there is always some residue left
behind and solid sediments that sink into the bot-
tom. Those can never be scooped from the water
and are usually eaten by wild life.

For the human dimension, the effect was hard
to classify, since a large number of people with
food poisoning (from contaminated fish) were

likely to be affected, hence score 4 (very high, >100
people).

With regard to the natural environment (in Acc
Scenario #1), even though this type of residue is
toxic for marine species, the quantity involved was
fairly low, resulting in a score of 2 (chronic). It is
important to note that the sediments eaten by the
species can cause mutations at medium/long term.

In relation to the socioeconomic environment, it
was found that this accident #1 would have caused
very few losses to the company, which represents a
score of 1 (very low impact in economic terms).

Using the previous scores and following step-
by-step the whole assessment procedure the final
risk for scenario #1 was found to be:

e “moderate” (9) for human environment;
e “medium” (12) for natural environment;
e “moderate” (9) for socioeconomic.

For demonstrating purposes, Table 1 gives a bet-
ter understanding of the assessment details, in this
case for scenario #5, in which case all three envi-
ronmental risks were classified as “moderate”.

Table 2, on the other hand, gives the formulae
for combining all the criteria.

Table 3 summarises the results obtained for all
7 accident scenarios, including a brief description
of each scenario.

3.3 Recommendations

This risk assessment provided the necessary
information as to where the main problems
reside. The majority were related to the poor
condition of the equipment. In the course of
time, this kind of failures (blowing hoses, leaks,
deficient joints and valves) are likely to occur
more often. This can be avoided with an efficient
and frequent maintenance, as well as by perform-
ing a good rotation of the available equipment.
A record with hours of use, date of last mainte-
nance, replaced parts and description of the mal-
functions, can be useful to prevent/control future
equipment failures.

As for the deposits area (storage tanks), it was
found that a restricted perimeter should be created
using concrete or metal pins (safety pins) to dis-
able the circulation of vehicles in the vicinity. This
would prevent any contact between the deposits
and an “object” that can cause a rupture.

To avoid soil contamination in the premises,
the waterproofing of the soil could be a solution.
This way, even after a spill of large proportions,
the contamination could be prevented and the
cleaning process would be quicker, without resort-
ing to soil removal. It should too be performed
the enlargement of the containment basin, as
well as its proper and regular maintenance.



Table 3.

Environmental risk assessment results (summary table for the 7 scenarios).

Severity of the outcome

Environmental risk—final risk level

Accident

Scenario Brief description Natural Human

Socioeconomic Natural

Human Socioeconomic

#1 Sludge spill on the
dock (hose rupture
& whiplash effect)

#H2 Oily waters spill in the 3 Moderate 4 Serious 3 Moderate

dock (blowing hose)

#3 Waste spill on board of 1 Light
the vessel (pump
premature initiation)

#4 Residue spill in the
dock (Deficient joint
connections)

#5 Waste spill in the
installation soil
(Deposit rupture)

#6 Waste spill in the instal- 2 Light
lation soil (blowing
hose/deficient joint)

#7 Waste spill in the instal- 4 Serious
lation soil (malfunc-
tion of the deposit
valve)

1 Light

4 Serious

2 Light

3 Moderate 4 Serious 3 Moderate

1 Light

3 Moderate 4 Serious 3 Moderate

5 Critical 4 Serious

2 Light

4 Serious 4 Serious

9 Moderate 12 Medium 9 Moderate

9 Moderate 12 Medium 9 Moderate

9 Moderate 9 Moderate 9 Moderate

6 Moderate 8 Moderate 6 Moderate
8 Moderate 10 Moderate 8 Moderate
6 Moderate 6 Moderate

6 Moderate

4 Low 4 Low 4 Low

Even though the company has in place an Inter-
nal Emergency Plan, it should also have an External
Emergency Plan established with the local authori-
ties (fire department, hospitals, etc.).

To finish, it was recommended providing some
kind of information and training to workers on the
hazards. This way, they would be aware of what
could go wrong and be prepared if something
happens.

3.4  Comments on the standard

In the course of the study, it was felt that the risk
matrix proposed by standard UNE 150008:2008,
to estimate the environmental risk, does not pro-
mote a conservative attitude toward the protection
of the environment, contrary to what one should
expect.

Of all possible interactions between fiequency
and severity, 40% represent “low risk”, 28% “mod-
erate risk”, 16% “medium risk”, 12% “high risk”
and only 4% return “very high risk”. In the authors’
opinion this aspect should be taken into account
before suggesting “light” or no measures for an
apparent “low risk” or “moderate risk”, as if “noth-
ing too serious might result from such scenario”.

4 CONCLUDING REMARKS

Even though this methodology estimates an environ-
mental risk in a way that is not conservative for the

environment, it provided the authors a good insight
on the risks existing in the processes scrutinised.
Moreover, it also allowed identifying measures to
prevent or mitigate potential consequences of the
accidents mapped in the 7 scenarios considered.

This method can be used in various industries.
A more thorough analysis can be achieved with
more resources, e.g., time, personal, knowledge of
the processes, etc.

The innovative aspects in this work are twofold:

o the methodology itself, which is not yet well dis-
seminated in the specialty literature,

o the country where it took place (Angola), show-
ing genuine efforts towards safer workplaces and
environments in developing countries.
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ABSTRACT: The existence of methodologies for priority and control the risk in different areas sup-
port the realization of safety and security process practice. However, endeavors to create tools and
methodology to rank the ergonomic risk activities are mostly devoted on product design. Motivated by
such scarcity, the goal of this study is attempted to develop a modified FMEA (Failure Mode and Effect
Analysis) as means to access the criticality of ergonomic risk in operations. An improved model to the
ranking ergonomic risk by using Risk Priority Number (RPN) is proposed and applied in a case study,
in the attempt to help decision makers to debate the problems occurred.

1 INTRODUCTION

The ergonomic work analysis is proposed to con-
duct the analysis of work activities in an organiza-
tion with the presupposition that makes the worker
in the production process identifies the ergonomic
risks (Mhamdi et al., 2015). The primary objec-
tive of the FMEA is the prevention of problems in
processes or products before they occur (Ghasemi
et al, 2016).

In this paper is presented an ergonomic risk
analysis by a model integrated to FMEA for appre-
ciation of ergonomic risk to identify priorities and
to control the observed conditions. This model can
contribute to companies to develop the improve-
ment in ergonomics projects and process (Santos
& Nunes, 2016).

2 FMEA AS A MODEL FOR ERGONOMICS

2.1 Focus

During a meeting in a case study, members of
the company and an ergonomist researcher got
together and presented what could be grouped and
defined as homogeneous to the execution of mod-
eling of the process in analysis.

The packing area is presented to be the object
of the evaluation, specifically the Packing Machine
Operator (workstation). In this machine, the proc-
ess takes the following steps: pack the product,
check the weight of the bag; seal the bag; send
them to belts for palletizing.

In order to better organize these elements, the
group led a simple study of crono-analysis in
the process flow. The timings were systematized
through a sample of 10 workers, in which the arith-
metic averages of the execution times of each ele-
ment of the task were observed.

2.2 Preliminary

Through a review, gathering findings of the study
with the appreciation of all members of the group,
the following considerations were observed:

— The plastic bag was instable. The operator acted
many times so that he could prevent some waste
of product. In three of the observations made, it
was necessary to add some more product with a
specific spoon after the inspection to reach the
right weight, because the way the plastic bag was
handled (instability) caused some waste of prod-
uct that fell out of the bag. A bucket was placed
next to the scale to meet this need. What could



represent a waste of time in the process, waste
of product and what could make the workers to
perform unnecessary movements;

— In 60% of the observation, it was necessary to
hammer the output funnel of the packing line
with a rubber hammer so that the product could
be pushed out of the machine more easily. This
problem is a result from the high relative air
humidity of the place (72%) once the job is per-
formed next to the cooking area that produces
vapors going around the packaging area as it
was an open shed divided in two areas. These
situations caused the waste of time once they
do not allow a continuous and uniform flow of
product, besides demanding unnecessary move-
ment from the workers;

— There was not any proper place to put away the
hammer and the plastic bag. The space desig-
nated to the plastic bags store could only prevent
them from being damaged or torn. The bags were
stored in an area that was out of the reach of the
operator, so that they had to bend the body to
get them. This results in unnecessary movements
of the worker. If the relative air humidity could
be improved it would also reduce the use of the
hammer;

— Equipment layout was also inappropriate,
demanding the operator to turn his body, to
carry the load and to move unnecessarily. This
item was also considered a waste of time and
biomechanical overload due to the execution of
unnecessary movements (the efforts to hold the
bags), that may victimize the worker with muscle
fatigue and strain injuries;

— The sealing machine was placed higher in rela-
tion to the height of the scale that may overload
the body and the spine because the operator
needed to lift the bags to compensate the depres-
sion victimizing the workers with muscle fatigue
and strain injuries. The image of the process is
illustrated in Figure 1.

Figure 1.

Packing machine operator.

2.3 Mapping

Given these findings, it was proceeded with the
ergonomic mapping by assessing variants. The
group went to the field for this activity, filmed,
interviewed and confronted the initial findings
with workers experiences. The problems were dis-
cussed at a formal meeting attended by all involved
(group, ergonomist) and jot down into the form
with the initial description of each of the problems
found. This assessment demonstrates the under-
standing of the group about the problems involved
in the manual packaging.

Based on the previous mapping and on the
modeling of the activities, it is possible to look
deeper and systematically into the response to the
problems found in this step. Items related to the
kinesiology of upper limbs were added (displace-
ment, catching and positioning) and cognitive
demands (adjustments and inspections). These
items allow the elements of the process to be more
precisely analyzed in terms of its needs (unneces-
sary movements) and possible losses in the proc-
ess. The sample has represented the same made by
the focus group once all of them were recorded in
a video.

The findings were reviewed in its root cause and
the conclusions are as follow:

— The waiting time represents 48.2% of the cycle
time. It is assumed that if the “building up” did
not exist, the flow could be higher and the wait-
ing time reduced;

— The transportation represents the biggest time
waste in the cycle. 19.2% of the time is wasted
due to the transportation of the loads from one
point to another. It is assumed that the improve-
ment of the layout of the machines could mini-
mize or even eliminate this waste. This item is
also considered the one that demands the body
turns, load handling and unevenness of the
heights (scale-sealing) which caused overloads to
the upper and lower limbs and spine;

— The item preparation consumes 12.5% of the
cycle. The longest time of elements occurs when
the packing is adjusted in the scale so that it can
be placed vertically. Due to the plastic bag, the
operator spends on average 4 seconds (out of the
total 7) trying to place the package in a vertical
position;

— Relative humidity can contribute to the increase
of waiting time and unnecessary movements
of hammering which can also damage the
equipment;

— The displacement of materials is the highest risk
of the process. Besides the waste of time, it can
be responsible for human costs (medical leaves
and complaints on spine and shoulders) and
administrative costs (lawsuits);



— The quality of some input items of the process,
such as the position of the packaging material
and the package itself can contribute with the
improvement of timing in the cycles of produc-
tion and with the organization of the work;

— Possibilities of introducing shift rotation or
programmed pauses in this job post should be
considered, where there is a strong risk of physi-
ological overload due to the long lasting stand-
ing position the activity demands.

2.4  Ergonomic Risks Analysis

The results of the evaluation were grouped in a
form based on FMEA that was adapted to the
Ergonomic Risks Analysis shown in Appendix 1.
The following steps were taken:

— The variants were classified according to the
form of field research and described in system-
atic observations through a text written by the
member of the focus group and the ergonomist.
The application had come up, then, the criteria
were standardized (specific form) and will be
the base for future application in the OHSAS
18001 management in the company (Fernandez-
Muiiiz, 2012);

— Many documents mentioned in the observed
items were studied (tables) throughout the form.
The illustration and tools were also mentioned
and attached to the reports;

— The existent means of control of each situa-
tion were mentioned and assessed in terms of
efficiency by the focus group and ergonomist,
against scales elaborated to the organization to
control them;

— The definition of Risk Indicators (Severity x
Probability x Control) was discussed in specific
events (Kaizen) through brainstorming and
reviews.

Then, a specific legend was created for each one
of the items, as presented in Tables 1 to 3, with
the results of Table 4. When the indicator showed
duplicity (two items in Severity and Probability
fields), the higher value was proposed.

The major risks were in the surroundings of dis-
placement activities that take Based on the find-
ings, a spread sheet was created and the reviews
made consider that:

— Place around equipment because they are acted
simultaneously with load handling. Such situa-
tions do not only causes hazards of biomechani-
cal overload on the shoulders and spine but also
causes waste of time in the process. The reorgan-
izing of the layout stands out, so that it could
be projected in a way that the equipment could
be placed closer to each other and that body

Table 1. Defining FMEA—Severity.

Indicator Human Organization

1 Do not generate Little or no interference
human in the process.
overload

2 Generate situa- The isolated agent may

tions of dis-
comfort and

interfere in temporary
stops and minor losses of

fatigue. productivity.

3 Hazards that Entails significant delays in
can jeopardize  the process, reduction of
health, planned work. Items that

causing inju-
ries and leaves.

do not meet the legislation
in effect.

Table 2. Defining FMEA—Probability.

Indicator History Exposure

1 Any event related to the Shortly, less than
agent 10% of the time

sampling (day or
cycle).

2 There are complaints ~ Reasonable time of
and events 11 to 30% of sam-
in terms of pling time (day or
verbalization cycle).

3 The complaints are fre- Shortly, less than

10% of the time
sampling (day or
cycle).

quent and specific to
the agent, with
indicators and
demonstrative records

Table 3. Defining FMEA—Control.

Indicator Control

1 There are good control plans to handle the
risk.
2 There is a plan to handle the risk, but there

is a lack of formal procedures and the
efficiency is uncertain.

3 There is no plan and awareness to deal with
the risk. The operational practices show the
exposure seems to be out of control.

rotation and displacement of loads could be
eliminated;

— High relative humidity contributes with the
reduction of the speed of the flow of the prod-
uct. The high rate of humidity is originated in
the cooking area that stayed next to the packing
area. Ways to isolate the area should be studied;

— A program of prevention against fatigue should
also be taken into consideration, so that brings
along the specific or compensatory pauses on
the muscular groups that were under stress at the



Table 4. Risk priority number.

General Biomedical

OHSAS 18001

Risk Level Classification Equivalence (BSI, 2007)

Minor Normal technical Action or with no No action is required and no documents to be
significant risk filed are necessary

Tolerable  Unlikely risk of injury, they are more related The control practices should be maintained and
to the sporadic difficulties. monitored

4-9 Moderate  Situations which cause muscle fatigue if Control/Prevention practices should be
performed for a long period and/or implemented
with no control practices
Substancial = Situations which cause injuries The activities should be sistematically studied,

an implementation plan should be approved
by the high leadership team so that the hazard
could be mitigated or eliminated within a given
period.

Intolerable These situations can potentially cause serious Systematic studies should be implemented,
injuries, diseases and accidents that can and an immediate implementation improve-
generate medical leaves or functional ment plan should be created. This should be
disabilities. The company does not give approved by the high leadership team so that
the situations the proper attention, the hazard could be mitigated or eliminated.
neglecting them. The execution of the plan should be monitored

and evaluated.
Table 5. Action plan. performance of the activities. Once the activity takes

What to do How to do it

Rearrange the layout
project, where the
filling, sealing and
belt are placed side by
side, eliminating the
displacement of loads,
body rotation and
weight management.

Projecting new filling
equipment.

Acquiring new paper seam
system, with compatible
height to be placed next
to the scale.

Insert a semi-automated belt
at the output of the filling
system

Replacing the plastic Projecting new design of
packaging for packing  packing paper more resist-
paper (less polluting ant and test the material.

and more resilient). Implement recycled packing
paper, and inform customer
about the change.

Building brick and mortar
walls to separate the areas
Placing semi-sitting seats next

to the job post so they can
be used as an alternative
relay posture.
Hiring a specialized company
to implement the program.
Carrying out ELSS project to
make the process viable.

Isolate the packing area
from the cooking area.

Insert seats next to the
job posts.

Inserting pauses for
stretching (labor gym).

Function rotation with
the pallet position at
every 2 hours.

Provide safety shoes with Buying bi-density shoes to
bi-density soles. replace the existing model.

Place an anti-fatigue mat Acquiring the product and
opposite the workplace  place them on the job posts.

10

place 100% of time, without any pause, full time;
— The package of the product should be substi-
tuted by another one less flexible.

An action plan that involved the responsible and
future controls was created then. (Table 5).

The high leadership of the company assured the
implementation and the extension of ELSS project
all over the company through the standardization
of the system and definition of an operational sys-
tem. Due to the success of the method four more
four-hour-events were conducted and the proce-
dure of ergonomic management was installed.

3 CONCLUSIONS

In general, the process of generating a plan of step
by step implementation, aligned to the reality of
the organization, may result significant gains and
may positively feedback the efforts to change on
the ergonomic management.

Then, it is possible to join FMEA and Ergo-
nomics in an integrated way on the solution of
problems. This proposition was validated inside
the scope of this study, once, through FMEA the
improvement process go beyond the results of risk
assessment and can also represent priority classi-
fications. In this study, could be noticed that the
problems were analysed in a structured way, pre-
senting a hybrid model that could meet the current
methodologies of management around the world.
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Appendix 1. FMEA in ergonomic risk analysis.
Aspects Existing Admin- Root Cause
and istrative and Main of the
Issue hazards Controls Effect P G C RPN problem
Deambulation Displacement with The employees 9.37% wasteinthe 2 2 3 12 The layout is distrib-
20 kg bags on the receive a training  time of the proc- uted so that there
filing, sealing and  course on how ess and Fatigue is displacement
belt areas. to handle heavy  of lower limbs of the employee
materials with  Overload in efforts 3 3 2 with unnecessary
efficiency. There  on upper limbs load. There was no
are procedures and spine attention to this
to prevent indi- item in the design
vidual lifting of process
loads heavier
than 30 kg.
Displacement Inexistent. 7.14% waste in 2 1 3
without any load the time of the
between the belt process.
and filling area. Fatigue of lower 2 2 3
limbs
Horizontal Displacement Inexistent. Effort overload 3 33 As the previous one.
Distance filling-sealing and by rotating
sealing-belt trans- with load the
porting 20 kg lumbar spine.
loads.
Vertical Efforts on the Inexistent. Overload in 3 33 The leveling of the
Distance displacement of flexor efforts room was not
bags through the on shoulder taken into con-
areas with differ- and spine. sideration at the
ent levels conception.
Quality The plastic pack  Inexistent. 12.5% waste in 2 2 3 1 As a matter of
is difficult to the time of design, the packag-
handle. the process. ing used is plastic,

and the quality
of operational
handling was not
tested.
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Appendix 1. (Continued).
Aspects Existing Admin- Root Cause
and istrative and Main of the
Issue hazards Controls Effect P G C RPN problem
Positioning The plastic bagis Thereisa good  Inadequate specific2 1 2 There was a concern
stored in an inap-  positioning of site at the input about the proper
propriate place the load on the of the process. place, since the bar
(suspended on the side protections ensures the proper
frame of the fill-  of the filling positioning of the
ing equipment) device. pack.

The hammer is The worker can ~ Body inclinationin 2 2 2 8 The hammer was not
an area that is place it his way.  the area of dif- predicted to take
difficult to be ficult access part in the proc-
reached. ess, and then there

was no conception
on the plan for its
location.
Movements Repetitive tasks. ~ There are pauses  Physiological over- 2 3 2 12
for lunch (60 m)  load with the risk
and two (15 m) of muscle fatigue
pauses for cof- in upper and
fee and personal  lower limbs
needs.
Humidity High Relative There are evalua- Unnecessary effort 2 2 8 The shed has no
Humidity (72%).  tions of occu- with the upper separation between
pational hygiene  limbs to perform the rooms, which
that do not hammer in an makes that the
consider risks attempt to decon- humidity of the
since the legisla-  gest the product kitchen facility be
tion refers to the  in the filling transferred to the
minimum met nozzle with the packaging area,
by the company  possibility of building up the
(40%). damaging the product by group-
equipment. ing wet particles.
Pauses Absence of There are pauses  Physiological over- 2 2 8 There is not staff
necessary for lunch (60 m)  load with the risk enough to ensure
pauses. and two pauses of muscle fatigue the pause at the
(15 m) coffee and  in upper and current demand
personal needs. lower limbs. of the production
Movements Repetitive tasks. ~ There are pauses  Physiological 2 2 12 procedures
for lunch (60 m)  overload with the
and two (15 m) risk of muscle
pauses for cof- fatigue in upper
fee and personal  and lower limbs
needs.
Statics Long lasting Inexistent. Physiological 2 3 12 For the current
standing overload with the layout and need
posture risk of muscle to travel, it can

fatigue in lower
limbs.

not work with the
rotating position.
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ABSTRACT: This work presents a risk assessment of a road transport company that delivers fuel to
distribution stations and seaports by tanker trucks in Brazil. Road transportation of dangerous goods
is a critical activity due to the occupational exposure of workers to these products as well as potential
consequences following accidents, which may include personal injury, property damage, fuel spills, among
others. Considering the need of including environmental aspects in the occupational health and safety
assessment towards a more integrated evaluation, the Methodology of Integrated Evaluation of Risks
(MIAR) was applied in the product transportation, identified through a risk matrix as the most critical
activity developed by the company. An evaluation of legal compliance to national standards was also
performed for the verification of gaps in performed activities, revealing 73 items requiring corrective
actions.

1 INTRODUCTION This work unfolds into five distinct sections.
After the present introduction, the case study is

Final refinery operation consists on loading gases  described in Section 2. In Section 3, risk evalua-

and liquid hydrocarbons into pipelines, tanker cars,  tion methodologies are applied and their relevance

tanker trucks and marine vessels and barges for  examined. Finally, results and discussion are pre-

transport to terminals and consumers. This proc-  sented in Section 4 followed by the conclusions.

ess requires clear determination of product charac-

teristics, distribution needs, shipping requirements,

fire prevention, environmental protection and 2 CASE STUDY

operating criteria to ensure safety in the activities

performed (Kraus 1988). Accidents involving haz-  The case study is a company that operates within

ardous products may lead to spills, which in turn  the transport sector and is primarily engaged in

leads to hazards such as fire, explosion, chemical transportation of dangerous goods in Brazil. The

burn, or environmental damage, representing seri-  transported goods are mostly petroleum-based

ous consequences to life and property. fuels (except ethanol) for fuel distribution stations,
Generally, these consequences cannot be fully  seaports, and vessels.
contained or otherwise reduced, requiring risk The company started its operations in 2010 and

management strategies such as preventive meas-  currently employs 23 people, 15 of whom are tanker
ures to mitigate either the probability of occurrence  truck drivers, and possesses 24 Tanker Trucks
or the magnitude of the consequences (Laarabi  (TT). It delivers fuels in the modality FOB (Free
et al. 2014). Considering this, a risk assessment of  on board) to gas stations and CIF (Cost, Insurance
the activities of a company in the transport sec-  and Freight) to seaports and ships. All operational
tor engaged in road transportation of dangerous  activities are performed by the TT drivers and the
goods in Brazil was conducted by the evaluation  workflow can be summarized as follows: (i) TT
of its legal compliance and by the application of  enters the facility towards the loading platform, (ii)
Methodology of Integrated Evaluation of Risks  TT entersloading platform, (iii) loading inspection,
(MIAR) in its operational activities. (iv) hatch opening for inspection, (v) fuel pumping,
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(vi) fuel loading and unloading and (vii) product
transportation to customer/receiver.

Although no serious environmental incidents
took place in 2015, the company has recorded
occasional leaks and spills, including five episodes
of marine diesel oil leakage during the unloading
operation (overall 153 liters leaked), demonstrat-
ing the need of evaluation of this operational
aspect. Environmental accidents can be defined as
unplanned and unwanted events that can cause,
directly or indirectly, damage to the environment
and health. In 2014, 744 environmental accidents
in Brazil were reported, widely spread in the coun-
try, but more frequently in the southeastern region
(64.3%), and mostly associated with road trans-
port (28.3%), a trend also observed in past years
(IBAMA 2014).

Among all existing risk assessment methodolo-
gies, MIAR was selected since it allows the inte-
gration of quality, environment, and occupational
health aspects of the activities. MIAR allows the
evaluation of synergistic effects and reduces sub-
jectivity, resulting in a comprehensive and balanced
evaluation (Ferreira & Santos Baptista 2013). Fur-
thermore, this method is a tool that supports the
improvement of critical aspects in Integrated Man-
agement System (IMS) of the company.

3 MATERIALS AND METHODS

To perform the quantitative and qualitative assess-
ment of the case study, audits were conducted in
the company and its activities. Legal compliance
aspects and the quantitative methodology applied
are described in sections 3.1 and 3.2.

3.1 Legal compliance assessment

Legal compliance was based on the Brazilian
Occupational Health and Safety (OHS) regula-
tory standards (which are also known as “Normas
Regulamentadoras” or NR). These standards are a
responsibility of the Ministry of Labor and Social
Welfare!, supported by the Law 6.514/77, among
other legal documents. Following the identifica-
tion of noncompliance with regulatory standards,
a Gravity, Urgency and Tendency (GUT) Priority
Matrix was applied to identify preventive and cor-
rective measures.

3.2 MIAR Methodology

The choice of this method is based on the possi-
bility of integrating environmental and occupa-

'Free translation from Portuguese of “Ministério de
Trabalho e Previdéncia Social”—MTPS.
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Table 1. Risk indexes. Source: Antunes et al. (2010).
RI Value Meaning
1 1-90 Minor
2 91-250 Medium
3 251-500 High
4 501-1.800 Very High
NR 35
NR 23
NR 17
NR 10

NR 8

NR7

NR 6

0 10 20 30 40

Figure 1. Distribution of non-compliances.

tional factors towards a more representative risk
evaluation and identification of opportunities of
improvement. The MIAR is a recently developed
method in University of Porto which has been con-
tinuously validated in other case studies (Antunes
et al. 2010, Ferreira et al. 2013, Bessa et al. 2015).
The method is based in the composition of a
Risk Index (RI) based in the following parameters:
G—gravity, E—impact extension, EF: exposure
frequency, PC—prevention and control systems
and C—costs and complexity of corrective meas-
ures. G is a result of the sum of P (Potential Haz-
ards) and Q (quantification aspect). All parameters
receive a score based on its consequences or intensi-
ties, as fully described in Antunes et al. (2010). The
RI is built following Equation 1 and the meanings
of possible results are presented in Table 1.
RI=GXEXEFXPCxC 1
The methodology was applied only in the opera-
tional activity of the company, namely, the trans-
port phase. This process was considered the most
critical out of the operational procedures of the
company, as evidenced by a previous evaluation of

all existing sectors using a hazard matrix (Haddad
et al. 2008).

4 RESULTS AND DISCUSSION

4.1

After the verification of compliance to national
safety standards, a compilation of the audits was
performed evidencing a total of 73 nonconformi-
ties distributed across 7 standards, as presented in
Figure 1. These standards are related to: (i) the usage

Legal compliance assessment



Table 2. MIAR methodology applied to dangerous goods transportation.

(1) Aspect Aspect Characterization Hazard G(Q+P) E EF PC C RI (2
1 TT enters the Internal traffic—cars Motor vehicle 2 3 2 2 3 721
facility to the collision (MVC)
loading platform Internal traffic—people Run overs 5 1 2 2 3 60 1
2 TTenters loading  Excessive proximity to  Entrapment 3 1 2 2 3 36 1
platform equipment Crushing 10 1 2 2 3 120 2
3 Loading inspection Work in high Slips, trips and falls 10 1 3 1 3 90 1
places > 2,0 meters
4 Hatch opening for  Exposure to chemical Dermal and respiratory 1 4 3 2 3 721
inspection hazards and toxic exposure to
substances chemical agents
Equipment accident Hand injury 2 1 1 4 3 24 1
5 Fuel pumping Static electricity Fire 5 1 2 1 3 30 1
Explosion 10 1 2 1 3 60 1
6  Fuel loading and Spill or accidental Cutaneous conditions 1 1 2 3 3 18 1
unloading release of fuel or Environmental 64 1
other combustible contamination
material
7 Product Traffic Accident MVC 10 3 2 4 2 480 3
transportation Rollovers 10 3 2 4 2 480 3
to customer/ Run overs 10 1 2 4 2 160 2
receiver Fuel or another 192 2
combustible
material spill
Atmospheric emissions ~ Atmospheric pollution 240 2

(1) Activity / (2) Classification.

of Personal Protective Equipment (PPE) — NR 6,
(i1) occupational health control program—NR 7,
(iii) safety in workplace facilities—NR 8, (iv) elec-
tric systems—NR 10, (v) ergonomics—NR 17,
(vi) fire prevention systems and (vii) work at
heights—NR 35.

A priority sequence was established for the
actions with the implementation of GUT Priority
Matrix, leading to 18 recommendations to achieve
their legal compliance. Among corrective actions
identified, 8 are related to work at heights and
the most critical aspect was the ergonomics risks
involved in the activities performed by drivers.

In terms of ergonomics, it was evidenced that
bottom loading system may be prioritized to
avoid the need of climbing in the truck. For work
at heights, definition of working procedures, risk
analysis of tasks and inspection at workplaces are
some of the measures necessary to fulfill the legal
compliances.

4.2 MIAR Implementation

The first phase of the study consisted in the sys-
tematic and organized collection of the exist-
ing information related to OHS in the company,
followed by a survey of existing hazards in the
transportation process. For the evaluation of
atmospheric emissions, carbon dioxide (CO,) emis-
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sion factor for road transport using diesel as fuel
was considered equivalent to 74.10 kg de CO,/GJ
(IPCC 2006). Following these steps, a risk evalu-
ation accordingly to MIAR was performed and
summarized in Table 2.

All 7 stages of the workflow were evaluated and
further associated to 16 hazard categories or sce-
narios. From these 16 categories, 62.5% were clas-
sified as minor, 25% as medium and 12.5% as high.
Product transportation to customer/receiver can
be considered as the most critical activity since the
associated risk categories concentrated the highest
classification.

Considering this result, preventive measures for
minimizing traffic accidents and transportation risks
were delimited focusing on causes identified in lit-
erature. The main causes of accidents involving dan-
gerous goods have been assigned as drivers’ errors
(44.3%), others (23.61%), vehicle failure (21.83%)
and road conditions (3.71%) (Ferreira 2003).

Considering this aspect, the main preventive
measures for the process is the reduction of driv-
ers’ errors by intensification of training as well as
better compliance with safety regulations, such as
Law 13.103/2015, which provides specifications for
the exercise of professional drivers. Furthermore,
organizational factors may be improved such as
the monitoring of working hours, resting hours,
and establishment of psychological monitoring.



In terms of vehicle failure, the company main-
tains a rigid maintenance control and pursues a
contract of preventive maintenance with the TT
manufacturer authorized agency to ensure safety
and comfort conditions within the fleet. Addi-
tionally, all TT are less than five years old, which
reduces both mechanical failures and spill risks.

In terms of atmospheric emissions, all existing
TT run on low Sulphur diesel, reducing emissions of
particles and white smoke. The TT are also equipped
with Selective Catalytic Reduction (SCR) systems
and make use of a reagent to chemically reduce emis-
sions of nitrogen oxides present in exhaust gases.

In addition to these aspects, it is worth men-
tioning that emergency response and informa-
tion systems are important gaps in controlling the
consequences of these events at national level. In
the USA, e.g., accidents involving the transporta-
tion of dangerous goods and hazardous materials
can be reported and registered in proper data-
bases, such as the one maintained by the Pipeline
and Hazardous Materials Safety Administration
(PHMSA), an agency of the national Department
of Transportation.

In Brazil, national databases are still limited.
The creation of a database integrating different
national institutions would allow the development
of better transportation routes and accident indi-
cators, especially in driver related incidents.

5 CONCLUSIONS

Dangerous products transportation can have very
serious consequences for the population in general
and particularly for workers exposed to these prod-
ucts, as well as property and environmental dam-
age. The assessment conducted evidenced several
noncompliance items according to the national
OHS standards, which were ranked in a GUT Pri-
ority Matrix.

In the evaluated company, a previous risk assess-
ment was conducted through a hazard matrix,
which identified the most critical sector as the
operational activities. Following this, the applica-
tion of MIAR methodology supported the ranking
of risks among its workflow, identifying transpor-
tation itself as the most critical stage in the opera-
tional process, in which more urgent interventions
are required to minimize their risks.

Future works should explore the possibility of
conducting other risk evaluations in the opera-
tional process, such as the identification of risks
on route. Transportation of dangerous goods is an
important subject to ensure the mobility of goods
and should be the focus of improved enforcement
to ensure the safety of people and the preservation
of the environment.
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ABSTRACT: Understanding the perceptions of employees on the risk management system is very
important, but there is still a lack of full understanding of how the workers characterize the risk. This
study aimed, through the consultation of workers, understanding the perception of risk by these and thus
improve the risk management system. A questionnaire addressed to 201 employees of a metalworking
industry has been prepared. The results of the questionnaire showed that it is necessary a higher involve-
ment of the workers in the process of management of occupational hazards and accidents at work and
the corresponding communication. Since the organization is preparing the process of certification of the
Occupational Health and Safety (OHS) management system, according to ISO/DIS 45001, it was impor-
tant in this study to analyse, discuss and understand the perception of workers of OHS risk.

1 INTRODUCTION

The risk perception reflects the needs, issues,
knowledge, beliefs and values of the stakeholders
(ISO Guide 73, 2009). The understanding of work-
ers’ perceptions of the risk management system
is very important, but there is still a lack of full
understanding of how the workers characterize
the risk (Alexopoulos et al., 2009). According to
Wachter and Yorio (2014) in a behavioral perspec-
tive, workers bring their beliefs, culture, values
and vision when performing its work, and this is
important when designing and implementing an
Occupational Health and Safety Management
System (OHSMS). Also according to Alexopoulos
et al. (2009), there are cultural differences in the
perception of risk of activities that pose threats to
occupational health and safety. Thus, it is impor-
tant to evaluate the perception of risk by workers
in order to develop an adequate safety culture.
Experience has a vital role in the perception of risk
because, for example, misleading experiments may
be linked to the tendency for a worker to believe that
he is personally immune to many dangers. Accord-
ing to the study made by Wachter and Yorio (2014),
employee involvement in occupational health and
safety reduces the probability of human error.
Workers are more involved and aware of their
tasks and the associated risks. According to Rundmo
(1996) the perception of risk is significantly related
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to risk behaviours, providing an important vision
for safety management. According to ILO (2011)
training in OHS is essential and should be ongo-
ing in order to assure the system of knowledge
and also that the instructions related to changes
in the organization are always updated. In this
sense, communication between the different levels
of the company should be effective and in both
directions, once the health and safety related con-
tributions offered by workers should be taken into
consideration by the management, which demon-
strates the importance of focusing the system on
workers.

According to ISO Guide 73 (2009) communica-
tion and consultation are continuous and iterative
processes that an organization conducts in order to
provide or share information, and to engage in dia-
logue with stakeholders with regard to risk man-
agement. The authors Arocena and Nuiiez (2009)
and Torp and Gregaard (2009) also report that the
legislative compliance influences the implementa-
tion and improvement of OHSMS. The consulta-
tion of workers on OHS in Portugal must be made
in written form once a year, covering the content
of all the paragraphs contained in section 1 of art.
18 of Law No. 102/2009 of 10 September, amended
by Law No. 3/2014, of 28 January, as there is the
assumption that it is the employer’s obligation to
take appropriate measures to carry out the activi-
ties listed in article 18.



Risk management is one of the priorities for
research related to OHS in Europe over the period
2013-2020 according to the European Agency for
Safety and Health at Work (EU-OSHA, 2013).
An adequate risk management system leads to a
reduction in the costs of accidents, incidents and
diseases, increased competitiveness and produc-
tivity of organizations and contributes effectively
to the sustainability of social protection systems.
According to EU-OSHA (2016) and Ramos
(2013), it must be observed that poor OHS has
costs. Ramos et al. (2016) show that there is a direct
relationship between good management of OHS in
the organization and the improvement of perform-
ance and profitability. Everyone loses when OHS is
neglected, from the workers at the individual level
to the national health systems. However, this means
that everyone can benefit from the implementation
of adequate policies and practices that inevitably
will prove to be the most effective. Ramos and
Costa (2016) emphasized the importance of a risk
management system appropriate to increase the
competitiveness and productivity of the organi-
zation. Such a system depends on technical and
human aspects and can lead to fewer accidents and
result in increased employee motivation.

The aim of this study was, through the consulta-
tion of workers, understanding the perception of
risk by these and thus improve the risk manage-
ment system in an organization of the metalwork-
ing sector.

2 MATERIALS AND METHODS

2.1 Case study

This study was conducted in an organization
linked to the area of metalworking. The organiza-
tion is distinguished by different areas of interven-
tion. The organization is certified by the quality
management system according to ISO 9001 and
is in process of certification of the occupational
health and safety management system, according
to ISO 45001 and the innovation management sys-
tem according to NP 4457. The organization has
201 workers.

2.2 Research methodology

According to the legislation, the health and safety
technician of the organization prepared a ques-
tionnaire to all the 201 employees of the company.
The questionnaire was divided into 10 sections,
with the possible answers “yes”, “no” and “no
opinion”. The questionnaire was tested in a pilot
survey that was conducted for a sample of 2 work-
ers to detect any possible weak points, get feedback

on the intel-ligibility and ambiguousness of the
questions. Some improvements in the instrument
formatting was car-ried out to facilitate its fill. The
full questionnaire, validated by the administra-
tion, is presented in Appendix. The query data to
employees concerns the year 2015.

3 RESULTS AND DISCUSSION

Out of the 201 workers of the company, 166 work-
ers both of productive and non-productive sectors
have responded to the questionnaire. The response
rate was thus 83%.

The perception of risk is the stakeholder view on
a risk (ISO Guide 73, 2009; ISO/DIS 45001, 2016).
In this study, the stakeholders are the employees.
For the present study were selected only the issues
of sections 2 “professional risks” and 6 “work acci-
dents” because they are the most relevant for this
study.

Table 1 shows the results for the questions of
sections 2 and 6 of the consultation questionnaire
to employees in OHS.

Figure 1 shows the results of the consultation
questionnaire to employees concerning the sec-
tion 2 “professional risks”.

Given the importance of understanding the
perceptions of the employees on the management

Table 1. Results of the questionnaire of consultation of
workers (n = 166).

% Answers

No

Questions n Yes No opinion

2. Occupational Risks
2.1 Do you receive 166 71 23 6
information about
the risks to which you
are exposed in your
workplace?
2.2 Do you receive 166 68 25 7
information about the
preventive measures to
eliminate risks in your

workplace?

6. Work accidents

6.1 Have you had any 166 45 53 2
accident at work?

6.2 The results of 166 27 22 51

investigations of
accidents have been
communicated?
6.3 If you have suffered 166 28 38 34
any accident, have you
been involved in the
research?




II- Occupational risks

70% 6%

23% 25%

Information No information
available available
u Information about cccupational risks

6% 7%

No opinion

Information about preventive measures

Figure 1. Results of the questionnaire of consultation
of workers. Section 2 “professional risks”.

VI- Work Accidents (WA)
53%

No opinion

® Workers with WA Communcation of WA

Figure 2. Results of the questionnaire of consultation
of workers. Question 6 “work accidents”.

system of occupational risks in the organization,
the results of Question 2 shown in Figure 1 con-
firm that a greater involvement in the process of
management of occupational risks is necessary.
Given these results, it is proposed that the organi-
zation should implement the following measures:
1) restructuring of the risk assessment for the work-
place, ii) promote training activities held in the
previously completed risk assessment, in order to
provide to the workers knowledge concerning the
risks associated with their professional activity, as
well as preventative measures to be considered.

Figure 2 shows the results of the consultation
questionnaire to employees concerning section 6
“work accidents”.

45% of employees who responded to the ques-
tionnaire have already suffered accidents. However,
most workers who have suffered work accidents have
not been involved in the corresponding research.
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These results reflect the need to prevent work acci-
dents in a more efficient / effective way. It is also
important that the company develops channels to
better communicate to employees the results of
investigations of accidents. Given these results, it is
proposed that the organization should implement
the following measures: i) make quarterly disclosure
of accidents occurred in the company, ii) promote
actions awareness to prevent work accidents, iii) bet-
ter involve workers in the investigation of accidents.

4 CONCLUSIONS

An appropriate risk management system is vital
to increase the competitiveness and productiv-
ity of the organization. The conditions of work-
ers and their perceptions in terms of OHS should
be observable. According to Alexopoulos et al.
(2009), the understanding of workers’ perceptions
of the risk management system is very important,
but there is still not a full understanding of how
the workers characterize the risk.

Risk management is one of the priorities for
research related to OHS in Europe over the period
2013-2020, according to the European Agency for
Safety and Health at Work. The new ISO 45001 will
force organizations that adopt this new framework
to have a management system with greater focus on
risk, in order to succeed in controlling health and
safety at the level required by the organization.

Since the organization under study is prepar-
ing the certification process of the occupational
health and safety management system, according
to ISO 45001, the organization should pay special
attention to the results of the annual consultation
of employees, reflecting on them. It was central
to this study to investigate, analyse, discuss and
understand the perception of risk of the workers
in terms of OHS.

Thus, communication between the different
levels of the organization must be effective and
in both directions, as in fact the health and safety
related contributions given by the workers should
be taken into consideration by the administration,
which demonstrates the importance to focus the
OHS system on workers.

From this research, important academic and
managerial implications on risk management in
OHS can be addressed. Indeed, it is necessary to
understand the dynamics of adoption and institu-
tionalization of risk management practices in OHS
systems.

The results of the questionnaire of consultation
of workers show that there are important measures
that should be taken into account by the organiza-
tion, especially in terms of professional risks and
of work accidents.



Risk Management is a shared continuous and
interactive process, for which all company employ-
ees can and must contribute at different times and
for different stages of the risk management proc-
ess. The contribution of different employees can
occur in different ways, considering the various
process steps.

This contribution may evolve as the risk man-
agement process becomes mature and institutional-
ized (definitely embedded in day-to-day business).
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APPENDIX: Questionnaire

CONSULTATION TO WORKERS IN TERMS
OF OCCUPATIONAL HEALTH AND SAFETY
SYSTEM (OHS)

General Information

Name, gender, age, education, number of years
working in this firm, function/activity, number of
work accidents.

1. General

1.1. Do you consider that the company fulfils

its obligations in terms of OHS?

1.2. Do you consider that the company has ade-

quate OHS conditions?
. Occupational risks

2.1. Doyoureceive information about the risks to

which you are exposed in your workplace?

2.2. Do you receive information about the pre-

ventive measures to eliminate risks in your
workplace?
. Emergency

3.1. Do you have some kind of knowledge of

firefighting?

32. Can you

extinguisher?

3.3. Do you have basic knowledge in first aid?

. Personal Protective Equipment (PPE)

4.1. Do you have available adequate PPE to pre-
vent the risks inherent to your job function?
When you use PPE, do you know against
what kind of risk you are being protected?
. Do PPE present good condition?

. Are PPE adjustable and comfortable?
. Are they compatible with other PPE?

4.6. Are they available in sufficient number?
. Equipment and Machinery

5.1. Equipment and machines have adequate

security conditions?

properly handle a fire

4.2.


http://ideas.repec.org/a/pio/envirc/v27y2009i1p159%E2%80%93174.html
http://ideas.repec.org/a/pio/envirc/v27y2009i1p159%E2%80%93174.html
https://osha.europa.eu/pt/themes/good-osh-is-good-for-business
https://osha.europa.eu/pt/themes/good-osh-is-good-for-business
https://osha.europa.eu/pt/themes/good-osh-is-good-for-business
http://dx.doi.org/10.1016/S0925-7535(97)00038-6
http://dx.doi.org/10.1016/S0925-7535(97)00038-6

6.

5.2. The maintenance is up to date?

5.3. Do equipment and machines have electrical
cords in good condition?

Work accidents

6.1. Have you had any accident at work?

6.2. The results of investigations of accidents
have been communicated?

6.3. If you have suffered any accident, have you
been involved in the research?

. Comfort and hygiene and sanitary conditions

7.1. Are workplaces clean, maintained, organ-
ized and sanitized?

Are workplaces properly illuminated in
order to perform its function?
Do workplaces ensure a
temperature?

Are sanitary facilities cleaned, preserved

and well organized?

7.2.
7.3. suitable

7.4.
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10.

. Social Spaces

8.1. Do you regularly eat food in your job?

8.2. Has the company space for the meals with
means to heat food, benches/chairs and
tables?

8.3. Do you consider important that the com-
pany provides a space for meals?

. Training

9.1. Does the company provide training for
workers?
9.2. o you consider it appropriate?

Occupational health

10.1. Does the company provide health
screenings?

10.2. Do you consider the occupational health
services appropriate?
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ABSTRACT:

In the fresh food industry the working activities are conducted in environmental tem-

peratures from 0°C to 10°C, while in the frozen food industry usually are at temperatures below —20°C
which influences the variations in core and skin body temperatures and affects the working performance,
health and safety of the employees. The aim of this work is to contribute with a study on the influence of
cold thermal environment on core and skin body temperatures in packing workers from the frozen food
industry. By using the core body pill sensor and 8§ skin temperature sensors a study was conducted on 4
workers during 11 days. The lowest recorded temperature was for hand 14.09°C, mean skin temperature
had variations of 1.10 to 3.20°C along the working period and the mean body temperature on two occa-
sions decreased below 35°C. The core temperature was found to increase. The mean body temperature

showed small changes along the time.

1 INTRODUCTION

The frozen food deliver high quality, good value,
safe foods with an extended storage life, helping
the dietary portion control and reducing waste,
offer the possibility to preserve and use seasonal
foods all year round (Young et al. 2010). In emerg-
ing markets like Latin America, South East Asia
and Eastern Europe, an increase demand for richer
and more varied diets will occur and, importantly,
increase demand for large domestic appliances
such as freezers (Kennedy 2000). Further on, shifts
in global economic, social and demographic trends
will continue to put pressure on food supplies, as we
already witness today, more frozen foods to be sold
each year and new products introduced to swell the
total sales (Artley, Reid, and Neel 2008). The struc-
ture of the labour market is constantly undergoing
change, away from fresh and homegrown towards
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chilled and frozen food, and its future trend is
shown clearly through the development in recent
years (Baldus, Kluth, and Strasser 2012).

Indoor working exposure to cold offer constant
and predictable climate conditions, which facilitates
cold risk management and workers cold adaptation.
The different types of cold adaptations are related
to the intensity of the cold stress and to individual
factors such as body fat content, level of physical fit-
ness and diet. The hypothermic general cold adap-
tation seems the most beneficial for surviving in the
cold but the interest of the development of general
cold adaptation in workers in the cold are question-
able since occupational activities can be organized
to avoid cold disturbances (shelter, clothes, heat
sources, time sharing). For the workers working in
cold environments, adaptations of extremities are
beneficial, as are developing cold induced vasodi-
lation, improving manual dexterity and pain limits



(Launay and Savourey 2009). Workers with less
years of activity seem to be more satisfied with the
cold thermal ambient than veterans with more than
10 years (Oliveira et al. 2014). Cold work involves
several adverse health effects that are observed in
indoor work. Many of these adverse outcomes may
be further aggravated in persons having a chronic
disease (Miakinen and Hassi 2009).

Severe Cold thermal Environment (SCE)
reduces skin body temperature (Tskin) and there-
fore physical working performance, lower muscle
performance, maximal grip frequency and grip
strength, hand and finger dexterity, maximal vol-
untary contraction, while increase muscle fatigue
(Zlatar, Baptista, and Costa 2015). In cold, muscu-
loskeletal complains and symptoms are common
(Oksa, Ducharme, and Rintaméki 2002), which
further on might lead to work accidents (Mékinen
and Hassi 2009). By a questionnaire conducted
by Taylor, Penzkofer, Kluth and Strasser (Penz-
kofer, Kluth, and Strasser 2013), it was found that
order-picking work in the cold leads to frequent
complaints especially in the upper part of the body.
Repeated, prolonged and chronic hyperpnoea with
cold dry air represents a significant environmental
stress to the proximal and distal airways, leading
to the development of respiratory symptoms, air-
way hyper-responsiveness and injury, and inflam-
mation and remodelling of the airway (Sue-chu
2012). When the human body is exposed to cold,
the initial response is to preserve heat by reduc-
ing heat loss. The skin blood flow, especially in
extremities is reduced by vasoconstriction (Chark-
oudian 2010), which leads to increased systolic and
diastolic blood pressure, lowered heart rate and
body temperature in extremities (Gavhed 2003). It
is very well documented that there is an increase
mortality related to Acute Myocardial Infarction
(AMI) during the cold season (Chang et al. 2004;
Kriszbacher et al. 2009). Some authors considered
fluctuation in air temperatures as a major influ-
ence on AMI and stroke, especially when it comes
to sudden decrease in temperature in a 24-hour
period (Gill et al. 2013). A 5°C reduction in mean
air temperature was associated with 7% and 12%
increase in the expected hospitalization rates of
stroke and AMI, respectively (Chang et al. 2004).
On other hand, Kriszbacher suggested that beside
temperature fluctuations, the barometric pressure
and front movements greatly contributed to AMI
cases (Kriszbacher et al. 2009). Nevertheless, car-
diovascular diseases can be reduced by good man-
agement program of risk factors at work (Mitu
and Leon 2011).

The objective of this work was to evaluate the
influence of cold thermal environment on the core
and skin temperature of packing workers in the
frozen food processing industry.
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2 METHODOLOGY

2.1 General data

The experiments were conducted in the cold pack-
ing sector from the frozen food processing industry.
All the documents (informed consent, participa-
tion and trial forms, information for the volun-
teers) were translated into Brazilian Portuguese
and reviewed and culturally adapted by a native
Brazilian speaker. The experiment was approved
by the Ethics Committee of the University of
Porto, approval number: 06/CEUP/2015.

In Table 1 is shown the outside environmental
conditions at near the industry location, gath-
ered by the National Institute of Meteorology
(INMET), station of meteorology of Macau, Rio
Grande do Norte, Brazil.

All workers usually spent their time in moderate
cold thermal environment, conducting moderate
to heavy physical work (packing 400 grams pack-
ages into 20 kg packages, check the stored material,
organize materials on pallets, separate materials
from pallets, move pallets and heavy loads with fork-
lifts, once a week breaking the ice on the floors in
SCE chambers and do heavy lifting). The only male
with low intensity work was the volunteer number 1
which was the leader of logistics. The logistic leader
had to delegate working tasks, control, supervise,
and count packages. He was a connection between
offices and the stock, therefore no heavy work was
conducted, but still, in order to check the packages
and organize them, his exposure to SCE was with
greater intensity compared with other workers.
Other volunteers selected to be fully monitored were
male packing operators, spending mostly their time
in moderate cold thermal environment, and several
times per day storing frozen packages in the SCE
chambers. The thermometer in the moderate cold
sector was showing environmental temperature of
18 £ 2°C, but as it was placed at 7 meters height,
it was showing the highest room temperature. The
workers were exposed to much lower temperature
as they were working on a lower height, and they
were located in front of SCE chambers with —25 to

Table 1. Outdoor air temperature, relative humidity
and velocity data from the measuring days.
09:00 12:00  13:00 17:00
Mean temp. 25.1 29.3 29.8 29.7
1SD (°C) +0.84 +1.48 £2.13 +2.00
Mean Relative 87.8 68.0 67.0 67.0
Humidity +386 995 £11.81 +11.00
+SD (%)
Mean Air velocity 1.9 3.6 4.2 5.6
+SD (m/s?) +0.34  +1.66 £1.29 +1.00




—30°C, which would cool the moderate cold sector
each time the SCE chamber was opened.

2.2 Fully monitored workers

Four workers from the cold packing sector were
chosen to be fully monitored during their work-
ing activities. Three of them were screened dur-
ing 3 working days, while one during 2 working
days. In total, a sample of 11 measurements was
achieved. The mean age + sd of the successfully
fully monitored workers was 29 £ 6.3 years old,
mean body height was 167.4 + 5.4 cm, mean weight
of all 11 measuring days was 79.7 + 17.9 kg, mean
Body Mass Index (BMI) was 28.4 + 6.3 kg/m?2. The
medical examination was conducted by the indus-
trial medical doctor. All subjects were informed
about the goals and risks of the experiments, and
signed the informed consent prior to participating.
The subjects were examined and asked to drink
the usual amount of coffee, tea, to avoid drink-
ing alcohol for at least 12 h before the test; not to
eat spicy food at least 12 h before the test; sleep
normally before the test (about 8 h); not conduct
greater physical exertion than it is usual for the
volunteer at least 1 day before the test. Accord-
ing to volunteer’s answers to the participation and
trial forms, all were non-smokers, didn’t drink tea,
alcohol, eat spicy food, were right handed and had
a usual physical exertion the day before the trial
was conducted. Every day before the trial, it was
recorded what they ate in their previous meal, what
time they ate, if they took some medicines, the time
when they went to sleep and when they woke up,
as well the number of hours they slept. All subjects
had the same working period of 8 hours, the morn-
ing part from 07:30 till 11:30, the pause of 1 hour,
and finally the afternoon part from 12:30 till 16:30
(working hours varying depending on the process
situation).

The experiments were conducted during a nor-
mal working day, with the subjects performing the
usual tasks being exposed to SCE as usual and over
the usual time period. Workers conducted usual
industrial work of 8 hours at 16 to 18°C (measured
at the height of 7 meters) and entered for several
times in the frozen food chamber at air tempera-
ture of —25°C. Tskin was measured with Bioplux
skin temperature sensors. The sensors were put on
8 measuring points (forehead, right scapula, left
upper chest, right arm in upper location, left arm
in lower location, left hand, right anterior thigh
and left calf) according to ISO 9886:2004 (ISO
2004). For measuring the core temperature (Tcore)
was used an Equivital ingestible pill sensor (ther-
mometer telemetry capsule) with dimensions of
8.7 mm by diameter and 23 mm by length. It was
swallowed with water for at least 5 hours before
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each test (usually before going to sleep); travelled
along the digestive tract harmlessly, and leaving
naturally within 24 to 72 hours. The sensors began
to transmit one minute after the capsule activa-
tion by the external monitor, sending details every
15 seconds to the EQO02 Life Monitor—Electronics
Sensor Module (SEM), which transmits the data
via Bluetooth. The SEM is transported in a belt,
recording the data from Tcore, chest skin tempera-
ture, heart rate and respiratory frequency.

2.3 Clothing

Clothes were given by the company as uniforms.
The subjects normally wore normal cotton cloth-
ing (socks, underpants, t-shirt, trousers) and above
it the cold protective clothing (jacket with a hood,
trousers, boots), and sometimes gloves when enter-
ing the cold chamber.

2.4 Data analysis

The references were searched through databases by
using the institutional IP address or University of
Porto federate credentials. References were man-
aged using the Mendeley 1.15.3. Tcore was recorded
by using the Equivital Manager and EqView pro-
fessional programs. Tskin was recorded by using
the MonitorPlux program, later on to be processed
by using the Matlab software program. The mean
skin temperature was calculated using the weight-
ing coefficients as suggested by ISO 9886:2004
(ISO 2004). Statistical analysis was done by using
excel statistical toolbox.

3 RESULTS

As an example of Tskin and Tcore, results from two
volunteers are illustrated in the Figures 1,2, 3 and 4,

Vol DI 1

17 : 3 3 ]
e e

07:18:55 07:47:43
time
=hand Left hand Sk_3

08:16:31 08:45:19 09:14:.07

Exposure to cold --Tskin —CORE

Figure 1. Results for the volunteer 1 on day 1 morn-
ing, left hand, Tcore and Tskin (1-working on a compu-
ter, 2-touching the cold package, 3-walking, counting,
standing).
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Figure2. Results for the volunteer 1 on day 1 afternoon,

left hand, Tcore and Tskin (logistic leader—delegate
working tasks, control, supervise, count the packages).

Q

Vo2 DI 1

[N SN IS ) ORISR RIS)
WNIO— W

[}

o

-~

(S}

3 4

15
07:30:43
time

~~hand Left hand Sk 3

08:42:43 09:54:43 11:06:43

Exposure to cold --Tskin —CORE

Figure 3. Results for the volunteer 2 on day 1 morning,
left hand, Tcore and Tskin (1-packing packets (400 g),
2-pushing 80 kg, 3-pushing 100 kg packets, 4-hanging
20 kg packet).
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Figure 4. Results for the volunteer 2 on day 1 after-
noon, left hand, Tcore and Tskin (loading packets with
20 kg of shrimps, washing out, shaking, transfer to other
package).
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Table 2. Minimal and maximal temperatures (°C).

Left Core Mean Mean body
hand Forehead Temp. skin Temp. Temp.

Min 14.09 18.55 36.55 29.08 34.94

Max 34.64 35.41 3791 34.29 36.59

Temp. - temperature

where 1 and 2 represent the data of one volunteer
in the morning and afternoon, while 3 and 4 repre-
sent the data of the other worker. On the left side
axis are illustrated values for the hand and mean
skin temperature varying from 14 to 35°C, while
on the right side axis are illustrated values for the
core temperature varying from 37 to 38°C. The
vertical lines represent the exposure to SCE, which
is in accordance with radical dropping of hand
temperature.

In Table 2 are presented the mean, minimal
(min) and maximal (max) values of two volun-
teers where the mean body temperature decreased
below 35°C.

4 DISCUSSION

The workers experienced big fluctuation in air
temperatures along the working days between
outdoor and indoor environments, which might
result with AMI and stroke (Gill et al. 2013),
therefore the workers should be controlled on
regular basis and the risk should be managed and
reduced?'?,

In the Figure 1, there is visible one radical drop-
ping of hand temperature without the worker
being exposed to SCE. In that case, the worker was
touching the frozen food package in order to meas-
ure its temperature, but without using cold protect-
ing gloves. The hand and forehead where found to
have the highest and most frequent fluctuation in
Tskin, which is reasonable as they were mostly not
covered with the cold protective clothing. The fore-
head had a difference between the min and max
recorded values, on average at least one time was
recorded a drop of 5.32 + 3.64°C, with in one case
dropping even to 18.55°C.

The hand had the biggest differences between the
min and max recorded values, on average at least one
time was recorded a drop of 10.43 £ 4.87°C, with in
one case dropping even to 14.09°C. The hand skin
temperature recovery was fast, but when exposed to
cold air or touching cold products or material it also
dropped fast, making the changes of its temperature
frequent, fast and with greater differences.

The mean Tskin show some small changes along
the time, but without great and fast lowering or ris-



ing of the means Tskin, with a maximal variation
between the min and max recorded value in one
case of 5.14°C along all the measuring working
period, and an average of between 1.10 to 3.20°C
difference among the workers along all the meas-
ured working period.

The mean body temperature (Tbody) has no
small change along the working period. As it
is shown in the Table 2, on two occasions: for
VO01_D3_1 and V02_D2_1, the mean Tbody
drops slightly below 35°C (on the min measured
values 34.98°C and 34.94°C respectively. The
current literature has described it as the start of
the mild form of hypothermia (general freezing)
which occurs when the body temperature drops
to 32-35°C, and appears with shivering, tachy-
cardia, tachypnea and slowness of ideation and
compensated dysarthria. On appearing of men-
tioned clinical features, the workers should start
the rewarming process??.

Tcore variations were always less then 1°C differ-
ence between the min and max value, in the most
of the cases between 37 and 38°C. Tcore seems to
be raising with the exposure to SCE, which could
be explained with vasoconstriction (Charkoudian
2010). Nevertheless, the exposure to SCE was short
and should be studied with larger time of exposure
to SCE before making further conclusions. The
type of movement with its speed (accelerometry)
and physical exertion also seem to influence the
raising of Tcore, and should be therefore further-
more studied in order to explain the Tcore varia-
tions during the working period.

5 LIMITATIONS

Challenges were found in transmitting the recorded
data of the Bioplux skin temperature sensors. The
equipment didn’t have the possibility of record-
ing the collected data directly to the device, but
only by Bluetooth with a maximal distance of
10 meters from the equipment to the computer. As
the workers were constantly moving it was chal-
lenging to stay constantly on a distance of less
than 10 meters from the subject, following them
when they entered the chamber and staying close
to them while conducting the working activities.
The number of subjects was limited to the number
of workers present in the cold packing sector.
One of the limitations was that activities carried
out under SCE exposure varied from worker to
worker. In the factory sector where the activities
were developed the thermometer was located at
7 meters height and not at the height where work-
ers worked, so there is no real information on to
which environmental temperature the workers
were exposed in the moderate cold sector.
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6 CONCLUSIONS

Highest and most frequent fluctuations were found in
the hand and forehead skin temperature. The mean
Tskin showed some small changes along the time,
but without great or rapid changes. The mean Tbody
showed small fluctuations along the working period,
but in two cases dropped slightly below 35°C which in
the current literature has been described as the start
of the mild form of hypothermia (general freezing).
Tcore variations were always less then 1°C difference
between the min and max value, in most of the cases
between 37 and 38°C. It was concluded that Tcore
was rising when exposed to SCE (because of vaso-
constriction) and with higher physical exertion. Fur-
ther experiments should be conducted with a higher
number of volunteers, greater exposure to SCE, hav-
ing a bigger sample with same working activities,
thermal environment and time of exposure.
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ABSTRACT: The Brazilian legislation 6.514/1977 provides guidance on how to manage health and
safety aspects in the work environment. Under such legislation, this work aims to identify and map haz-
ardous activities and substances within a case study, which is an industrial cleaning company that works
on cleaning and dyeing clothes. The methodology divides the work in two main sections: the first address-
ing risk mapping and the second presenting and applying the Hazard Matrix (HM) risk assessment tool
to this case study. The work concludes that the most critical hazards is the chemical storage room (with
29.3% of the hazards of the whole case study), followed closely by thermo-presses (25.9%), while the
most severe hazards to be dealt with are associated with fire and explosion (which stands for 17.3% of the

hazards) and noises (14.3%).

1 INTRODUCTION

The Brazilian legislation 6.514/1977 (Brazil 1977)
provides guidance and protocols for companies to
manage health and safety aspects in the work envi-
ronment. Regardless of the company type, size or
complexity, every single one of them must comply
with this legislation and follow standards, known
as “Normas Regulamentadoras” or just “NR”.
Among those NR, one in particular is addressed in
this paper: NR15 (Brazil—MTE 2008; MTE 1978).
The NR 15 addresses hygiene aspects and imposes
threshold limits for exposure to chemical, biologi-
cal and physical agents, such as heat and noise.

The case study is a company whose activities relate
to industrial cleaning, which means dealing with sev-
eral chemicals and other hazardous substances.

2 OBIJECTIVES

The aim of this work is to identify and map hazards
(activities) related to industrial hygiene (chemical,
biological and physical agents exposure), following
a prioritization of such risks. Ultimately, we hope
that this work could offer guidance on managing
such risks in other similar companies.

3 METHODOLOGY

This paper describes a study that carried out a quali-
tative risk mapping, under the guidance of Brazilian
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legislation NROS5 (Brazil—MTE 2008; MTE 1978;
Brazil—MTE 2007) followed by hazards priori-
tization through the hazard matrix methodology
(Haddad et al. 2012), which is described just before
the results, for simplicity purposes.

4 CASE STUDY

The case study is an industrial cleaning company
that works on cleaning and dyeing clothes. The
industrial laundry has a staff of 30 people, who
work a regular 44 hours/week. The company’s job
descriptions include financial manager, department
staft, laundry aid, washer, chemical technician and
driver, among others. The company has its premises
inside a covered warehouse, which holds several
different and isolated working environments.

The flow process starts with the arrival of the
clothes into the laundry room, which are accom-
modated in the reception room while administra-
tive procedure takes place. After being received
and catalogued the items are machine washed,
dried (if needed) and ironing. After this process,
the parts are in stock “stand by” in specific rooms
to be delivered to customers.

5 RESULTS AND DISCUSSION

This part of the paper is divided in two main sec-
tions: one addressing risk mapping and a second



presenting and applying the Hazard Matrix (HM)
risk assessment tool to this case study.

5.1 Risk mapping

Risk mapping is mandatory under Brazilian legis-
lation (Item 5.16 of NRO5) (Brazil—MTE 2007)
and it should be carried out by a commission team
maybe by employers and employees. It is also rec-
ommended to present the results in a graphical
manner, which helps visualization and publicity of
such hazards. Several guides are available to aid in
mapping hazards on a workplace environment.

The Manual for Risk Mapping issued by the
Government of Goias/Brazil (Brazil—Goiais
2012) recognizes environmental risks as any
related to any activity conducted by the company
and suggests five hazard groups and colours code
(Table 1).

Prior to applying this mapping technique to the
case study, it is helpful to split the area in smaller
sectors, which are classified by risk and activ-
ity similarities as much as possible. In this work,
the case study has been divided in seven sectors
(sectors A to G), as follows:

e Sector A: Distribution Rooms and stock stand
by goods ready for delivery, reception of goods
room, kitchen, dining room and bathrooms. In
this sector work 13 employees.

Table 1. Hazard groups and colour codes for mapping.

Hazards Colour

type code Examples

Physical Green Noise, heat, vibrations, abnor-
Hazards mal pressures, radiation and

humidity

Dust, fumes, right-flies, gases,
vapours, mists, chemicals
and chemical compounds in
genera

Viruses, bacteria, parasites,
protozoa, fungi, bacilli

Physical exertion, leaks
weight, poor posture, tight
control of productivity,
stress, work at night time,
long working hours, monot-
ony and repetitiveness and
intense routine enforcement

Inappropriate physical
arrangement, machinery
and equipment without
protection, inadequate or
defective tools, electricity,
fire or explosion, poisonous
animals

Chemicals Red
Hazards

Biohazards  Brown

Ergonomic  Yellow
Hazards

Accident Blue

hazards

e Sector B: Dryers and effluent treatment units,
compressor and pressure vessel. In this sector
work 3 employees.

e Sector C: Thermo-presses, steam iron, area
crafts. In this sector work 20 employees overall.

e Sector D: Chemical storage room, compressor,
pressure vessel, and operational office, handling
room chemicals, storage, bathroom and dressing
room. In this sector work 17 employees.

e Sector E: Washing machines with different
capacities, homogenization boxes, two boilers,
water tank of 25.000 L. In this sector work 8
employees overall.

o Sector F: Disposal Area. In this sector work 10
employees

e Sector G: Washing Machines, ozone generator,
one rest room and bathroom. In this sector work
9 employees.

In this case study the environmental risks of
the above-referred 7 sectors are listed in Table 2.
In sector A the risks identified as ergonomic are
due to handling of laser-based machine, which
pushes the operator to work under cycles of repeti-
tive movements (thus monotonous). Accident risks
are mainly originated from the presence of loose
wires, hence electrical hazards. When coupling
this with the combustible material (clothing), one
can expect significant likelihood of both fire and
explosion (there is cooking in stove). Everything is
aggravated by poor layouts.

In sector B we identified risk as physical hazards
those originated in gas compressor and dryers,
which generate noise levels above 85 dB(A) (thresh-
old provided by NR 15). The Effluent Treatment
Plant requires handling of chemical products, thus
suggesting chemical hazards. Regarding accident
hazards we catalogued electricity (lack of protec-
tive conduits upon live wires), likelihood of fire or
explosion (mostly because the combined electricity
issues with cloths and chemicals) and unprotected
ladders might cause operator falls.

The predominant hazards within sector C are
heat exposure, mainly due to ironing activity, oper-
ating heat presses and irons. The safety manage-
ment group working in the case study assessed heat
exposures under the guidance of NR 15 (Brazil—
MTE 2008) and it has been determined breach
in those values. Ergonomically wise, the tasks are
repetitive and monotonous, as well as demanding
of wrong body posture.

During interviews, workers reported in the
shoulders region (which can be consequence of
operating with heads down). The operation of
heat iron presses also causes the burning accident
hazards, which exist along risk of falling; electric-
ity (due to the presence of scattered wireless and
electro-products); fire and explosion.



Table 2. Hazards identified and mapped within case study.

Hazards

Ergonomic

Hazards

repetitiveness
Not identified

Monotony and repe-
titiveness, requirement

Electricity, Fires and
explosions, poor
layout

Electricity, Fires and
explosions, falls.

Burnings, falls, electric-
ity, fire and explosion,

A Not identified Not identified Not identified Monotony and

B Noise Chemicals, Not identified
several

C Heat Not identified Not identified

D Noise Chemicals, Not identified
several

E Heat and noise Chemicals, Not identified
several

F Noise Chemicals, Contaminated
several Air

G Noise Chemicals, Not identified
several

of odd body hand cuts.
positions
Illumination Chemical burns, Fires
and explosions,
poor layout
Not identified Electricity, Fires and

explosions, poor
layout, unprotected
machinery
Monotony and Fire and explosions
repetitiveness
Monotony and repe-
titiveness, requirement
of odd body

positions

Fire and explosions

D sector in characterized by its significant noise
levels generated by gas compressor. The chemi-
cal hazards relate to storage area and handling
of chemicals. The poor illumination causes one
to determine an ergonomic hazard in the area.
Accident possible causes are chemical burns, poor
layout (which compromises any evacuation proce-
dure) and the possibility of fire and explosion due
to activity of the gas compressor and electricity
due to the presence of scattered wireless and cable
ducts.

In the sector E the main physical hazards
risks are noise from the operation of washing
machines, and heat due to the presence of two
boilers and poor ventilation in the area. The
chemical hazard is characterized by handling
miscellaneous chemicals. Accident risks are elec-
tricity, the inadequacy of the control cabinet, and
this, easy access to all people circulating on the
spot; risk of fire and explosion due to the activity
of the boilers and the presence of large amounts
of combustible material (clothing); poor lay-
out allowing the presence of clothing furniture
containers blocking the way as well as incorrect
distance between equipment’s. The last potential
cause of an accident is unprotected machinery
and equipment.

The physical hazards within both sectors F and
G arise from the noise generated by the dyeing
activity, which also causes both chemical hazards
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(handling chemicals) and ergonomic hazards. This
last hazard is due to demand for improper posture
during machine operations coupled with repeati-
tivity and monotony of such tasks. In the office
rooms there are also ergonomic risks due to the
employee’s position in her job and biohazard is
originated from lack of control in cleaning the air
condition system. Accident hazards are mainly fire
and explosion in blasting machine and electricity
due to the presence of scattered wireless and cable
ducts.

Usually, the next phase of risk mapping would
be to plot these risks in a blueprint and make it
known by everyone within the facility. This phase
is not disclosed in this paper to avoid disclose the
case study recognizable features.

5.2 Risk prioritization

According to Haddad et al. (2012), this meth-
odology helps to understand and set priorities
between several risks in complex systems. The
technique is recommended when managing risks
and is particularly efficient to highlight the criti-
cality of the hazards and sectors within a case
study. The HM consists of identifying and classi-
fying hazards related to every activity within each
sector of a company. This classification takes into
account to two aspects: kind of danger (physical,
chemical, biological, ergonomics and accident,



Table 3. Risk codes for HM application.

Code Meaning

0 No hazard exposure
3 Exposure to hazard considered low.
No control required
6 Exposure to hazard considered
medium.
Control recommended
9 Exposure to hazard considered
medium.

Control required, urgently.

for example) and their severity. The severity
parameters are determined using the values from
in Table 3.

The methodology for the calculation of the
Hazard Matrix (HM) in this case study follows
what has been proposed by Haddad (Haddad et al.
2012) that determines that the matrix is mapped
for each sector (S, making a line (from 1 to y),
followed by a column that stands for the number
of workers on that sector (W)). As for the other
columns, they take all the hazards (/) identified
in all the sectors, drawing column from 1 to x. The
intensity level (or frequencies according to HM
methodology) of hazards is calculated for each
sector (f;,) and for each hazard (f,,), using equa-
tions 1 and 2.

f_‘i:ZWE*R.J, Where 1<i<y (1)

=1

)
S :ZI/K*Ri,j, Where 1< j< x )

i=1

The final HM for this case study is presented in
Table 4.

According to the HM applied to the case of
study, the sector most critical is the sector D
(with 29.3% of all the hazards) (Figure 1). The
sector with lower criticality is B (2.6%) and less
critical danger is air contamination (1.1%). The
second most critical sector is C (25.9%), followed
by sector E (industry, 14.7%). Sector F hazards
sum 10.8%, sector G with 9.7% and sector A with
7.0%.

With regard to hazards, fire and explosion
(17.3%) is the top priority, followed by noise
(14.3%) and electricity (12.2%). Burnings comes
next with 10.1%, followed by chemicals (8.5%) and
Ergonomic factors (poor posture, 7.8%), inap-
propriate layout (6.8%), monotony and repeti-
tiveness (5.6%) and the least critical hazards are
heat (5.2%), hand cuts (4.3%) and unprotected
machinery (2.6%). Figure 2 puts hazards levels in
comparison.
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Table 4. Hazard Matrix applied to the case study.
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6 CONCLUSIONS

The results from the HM implementation indicate
that the most critical area is the chemical storage
room, Sector D (29.3%), followed closely by thermo-
presses, Sector C (25.9%). These two sectors should
be prioritized when implementing mitigation plans.
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Likewise, the most severe hazards to be dealt with
are associated with fire and explosion (17.3%) and
noises (14.3%). Comparing these results with those
from the risk mapping, it is clear that the risk per-
ception is consistent.
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Blood alcohol concentration effect on driving performance:

A short review
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ABSTRACT: Driving performance may be affected differently according to Blood Alcohol Concentra-
tion (BAC) levels. We conducted a short review in accordance with PRISMA statement guidelines follow-
ing a search strategy which includes the combinations of keywords: alcohol; driver errors; driving influence;
Acute protracted error; Acute tolerance; Ascending and descending blood alcohol Concentrations; Cognitive
performance on 25 search engines and 34 scientific publishers. Nine studies met inclusion criteria; the
studies were analyzed regarding the type of experiment and procedures including a total of 230 partici-
pants who drove under BAC influence. Results of the studies agreed to be in the descending phase of the
BAC curve that more driving errors are recorded, with loss of motor skills and cognitive impairments
mainly due to the effect of acute tolerance, which affects the perception of the drivers about the risks of

driving by minimizing the BAC effects.

1 INTRODUCTION

Road accidents with motor vehicles and alcohol
consumption have drawn attention of governments
of various countries from Japan to Norway, from
United States to New Zealand, from Canada to
China. Although countries like Turkey, Australia,
Austria, Argentina, Belgium, Italy, Netherlands,
Portugal, South Africa, and Spain have a legal
limit for Blood Alcohol Concentration (BAC) of
0.49 g/1, studies reveled that drivers with that value
on the limit were more involved in accidents than
drivers with zero BAC (Karakus et al. 2015). The
influence of BAC on drivers, even within mod-
erate levels (<0.5 g/l), affects the ability to drive
(Desapriya et al. 2007).

In what can be considered as large-scale stud-
ies, in several countries significant improvements
were registered in accident rates by reducing the
maximum permitted BAC. In Japan the decrease
of the alcohol level allowed by law from 0.5 g/l to
0.3 g/l, is associated to a significantly decrease of
the number of traffic violations (Desapriya et al.
2007). The same occurs in USA, where reduction
of the BAC to 0.8 g/l has contributed to a consid-
erable decrease of fatalities and accidents without
casualties (Kaplan and Prato 2007). In Sweden the
reduction of the legal limit from 0.5 g/l to 0.2 g/l
led to a decrease of 9.7% on single-accidents and
a decrease of 7.5% of the total of accidents that
have occurred in the six years of law enforcement
(Norstrom 1997). Considering the results and con-
clusions pointed out by those authors, it is clear that
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driving under the influence of alcohol in the blood
can cause a considerable amount of traffic acci-
dents. All those studies also observed that women
and elderly comply more with the legal limits regu-
lations and that women, even under the influence
of alcohol, are more careful than men (Blomberg
et al. 2009). Studies focusing on the consequences
of BAC in drivers, which cognitive impairment and
driving performance are harmed by this consump-
tion, have been contributing to providing rules at a
general and personal levels (Desapriya et al. 2007,
Charlton and Starkey 2015).

The impairing effect of alcohol on driving per-
formance is well established. Laboratory research
indicates that moderate doses of alcohol impair a
broad range of behavioral and cognitive functions,
and any of these could contribute to overall driv-
ing performance (Weafer and Fillmore 2012).

Despite most of the studies focus on BAC
effects early after the dose is rising, the concept
of acute tolerance has been introduced on the
subject referring to the diminished intensity of
impairment at a given BAC during the descending
compared to the ascending limb of the BAC curve.
This phenomenon is of particular importance as
decisions to drive are often made after a drinking
episode. Acute tolerance to the effects of alcohol
has been observed in several behaviors, including
motor coordination, reaction time, and subjective
intoxication (Fillmore et al. 2005, Schweizer and
Vogel-Sprott 2008, Marczinski and Fillmore 2009,
Cromer et al. 2010, Weafer and Fillmore 2012).
Bearing in mind these studies it is clear that BAC



seriously compromises both driving and cognitive
skills.

The effects caused by the presence of BAC on
drivers can be evaluated using driving simulators,
naturalistic driving tests and/or other experimen-
tal tests, which allow assessing the consequences
of drinking in individuals with different charac-
teristics. Those types of laboratorial trials require
specific procedures to control the measured param-
eters and the reliability of the results. For instance,
to consider the influence of the physical differences
among the participants during the tests under-
taken to check the variation in time of the effect of
a dose of alcohol (i.e. acute tolerance), parameters
such as blood pressure, temperature, weight and
height are usually measured. On the other hand,
food with high fat content, sugar, or substances
with caffeine can affect the absorption of alcohol.
So, participants should avoid the ingestion of food
or drinks that affect alcohol absorption (Liu and
Fu 2007).

In this study, a short review is presented aiming
to analyze the BAC effects on driving performance
focusing on the comparison of that performance
between ascending phase and descending phase of
BAC rates in laboratorial trials.

2 MATERIALS AND METHOD

This short review was performed in accordance
with PRISMA Statement guidelines (Liberati
et al. 2009). The review was based on the analysis
of several scientific papers reporting cases of driv-
ing under the influence of alcohol. In this sense,
the following research questions were established
to guide the short review:

— How alcohol ingestion affects driving
performance?

— What are the differences on driving behavior for
different levels of BAC?

— When driving mistakes are more pronounced,
during the ascending or descending phase of

alcohol curve?

Were select articles published in scientific jour-
nals describing studies involving experiments with
humans, reporting the existence of an informed
consent form and other relevant information
regarding the experiment methodology in order to
be possible to compare and reproduce the trials.

2.1

Were searched 39 electronic databases and scientific
publishers: Academic Search Complete; CiteSeerX;
Compendex; ERIC; Inspec; Library, MEDLINE;
PsycArticles; PubMed; ScienceDirect; SCOPUS,;

Data sources and search strategy
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TRIS Online; Web of Science; ACM Digital Library;
ACS Journals; AHA Journals; AIP Journals; AMA
Journals; ASME Digital Library; BioMed Central
Journals; Cambridge Journals Online; CE Data-
base; Directory of Open Access Journals, Emerald
Fulltext; Highwire Press; Informaworld; Ingenta;
IOP Journals, MetaPress; nature.com; Oxford
Journals; Royal Society of Chemistry; SAGE Jour-
nals Online; SCIELO—Scientific Electronic Library
Online; Science Magazine; ScienceDirect; Scitation;
SFX A-Z; SIAM; and Wiley Online Library.

The search strategy was the same for all data-
bases, using the following search key-words: (1)
alcohol and driver errors; (2) alcohol and driving
influence; (3) alcohol and acute protracted error;
(4) alcohol and acute tolerance; (5) driving and dur-
ing ascending and descending blood alcohol concen-
trations; (6) driving and cognitive performance.

2.2 Procedures

A selection procedure was carried out according
to the flow diagram shown in Figure 1. Firstly,
potential relevant articles were identified using
the key-words aforementioned. After that, dupli-
cate articles were removed. Secondly, articles dated

Articles identified Additional articles
‘5 through database identified through
§ searching other sources
= (n =3429) (n=14)
=
o
)
=
P Articles after
duplicates removed
(n = 1959)
0o
c
7=
o
o
b l
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Articles screened Articles excluded
(n = 1959) (n = 1940)
F
=
=
w
Full-text articles Full-text articles
) assessed for eligibility excluded, with
(n=19) reasons
(n=10)
-
o
°
=
=]
£ =
= Studies included in
qualitative synthesis
(n=9)
Figure 1. Flow diagram of studies selection: sum-

mary of the results in accordance with the PRISMA
Statment.
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for more than 10 years as well as articles missing
relevant information were excluded. Addition-
ally, the research questions were used to guide the
screening phase. Therefore, articles that in some
way do not meet those questions were excluded.
Thirdly, the eligibility criteria aforementioned were
applied to the final selection. To do that, data was
extracted from each study to identify specific ele-
ments describing the experiment and methodology
used in each study.

3 RESULTS

The search identified 3429 articles for assessment
(Figure 1). Additionally, 14 more articles were
included as relevant bibliography. From this first
outcome, 1484 duplicate articles were excluded.
Of the remaining 1959 articles, 104 articles were
excluded by insufficient or incorrect identification,
846 because were published more than 10 years ago
and 990 were out of the topic. At the end, 19 eligi-
ble articles were identified and evaluated to satisfy
the research purpose. Data extraction and analy-
sis was undertaken and 9 articles were selected as
meeting the criterion that the experiments were
supported by an informed consent form. The 10
excluded articles did not provide information
about this issue and/or the used methodology was

not sufficiently described to be applied and results
compared.

Each article was deeply analyzed regarding
the experimental procedures in order to identify
and compare the following descriptors: par-
ticipants (sample, gender, age, weight, height),
the substance used, experiment description
including type, tests, measures and procedures
(Table 1).

All experiments were real-time clock and all
participants have valid driver’s license. All studies
used a driving simulator to develop the experiment
except one that applied cognitive and psychologi-
cal tests supported on a visual analog scale specifi-
cally designed for the study (Cromer et al. 2010).
Sample sizes of included studies ranged from 861
participants. Most of the selected articles (Marc-
zinski and Fillmore 2009, Cromer et al. 2010,
Starkey and Charlton 2014, Charlton and Starkey
2015) report the differences found in driving per-
formance between the ascending and descending
limb of the BAC curve. Two (Weafer and Fillmore
2012, Tremblay et al. 2015) others are focused
only in the descending limb in order to analyze
the effect on driving performance of acute alcohol
consumption.

The 9 articles published over a period of
eight years, from 2007 to 2015, are identified in
Table 1.

Table 1. Selected studies: Summary of the experimental procedures.
Author (Year) Participants Substances
(Liu and Fu 2007) 8 S': 6 M?and 2 F3; 4 S: [20-24] yo*, 4 S: [25-30] yo Alcohol (Vodka)

(Marczinski et al. 2008)

(Marczinski and
Fillmore 2009)

(Cromer et al. 2010)

(Weafer and Fillmore
2012)
(Helland et al. 2013)

(Starkey and Charlton 2014)
(Charlton and Starkey 2015)

(Tremblay et al. 2015)

40 S (2 Afr-Am, 1 Asian, 36 Caucasian and 1 Nat-Am):
20 M, 20 F; [21-29] yo; 24 binge drinkers and 16 non
binge drinkers.

28 S (Afr-Am, 1 Asian American, Americano, 23
Caucasian and 1 “other”): 16 M, 12 F; [21-28] yo;
At least twice a week drivers, with and without
drinking habit

17 S: 9 M and 11 F at the beginning, 3 discarded
after screening. Remaining total = 17; [21-25] yo;
Social-drinking adults

20 S: 10 M, 10 F; [21-31] yo; Social-drinking adults

20 S, M: 20 driving simulator + 10 instrumented
vehicle. [25-35] yo

61 S: 33 M, 28 F; [20-50] yo; occasional drinkers

44 participants: 21 M, 23W, [20-47]

16 S: 10 M, 6 F; G°-1: (6 M, 2 F), Average age 21,6;
G-2: Average age 20,9 + 2,35 years (4 M, 4 F).

Alcohol (Beer)
and drugs.

Alcohol (Beer)
and drugs

Alcohol (vodka) and
drugs (spritzer of
vodka)

Alcohol and drugs

Alc (vodka) — drugs;
(non-alc vodka);
placebo pill.

Alcohol and drugs

Alcohol (vodka) or drugs

Alcohol

IS-subjects; 2M-mail; 3F-female; *yo-years old; *G-Group; Afr-Am-African-Americans; Nat-Am-Native-American;

Alc-Alcohol.
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4 DISCUSSION

In this short review, it becomes clear that driving
under the influence of alcohol increases the risk
of traffic accidents and seriously impairs driver’s
performance as analyzed, observed and confirmed
in the nine studies. As it is difficult and dangerous
to study this phenomenon with naturalistic studies,
laboratory trials were developed to carry on those
studies, most of them using driving simulators. In
this point, the work developed by Helland et al.
(2013) becomes very important. These authors
compared naturalistic studies with simulator stud-
ies, and concluded that studies held in driving
simulator are effective to perceive the influence of
alcohol on driving performance. Nevertheless, the
same authors stressed that differences were found
between naturalistic and simulated experiments
regarding risk perception, which is more noticeable
in the naturalistic driving as expected. However, as
this difference is not significant to the main objec-
tive, the driving simulator is accepted as a valuable
tool for the evaluation of driving under the influ-
ence of alcohol consumption.

Regarding the influence of alcohol on driv-
ing performance, Liu and Fu (2007) found that
the higher the level of alcohol in the blood, the
higher the number of driving mistakes and thus,
committing driving performance. It was observed
that once the BAC increases, the ability of atten-
tion on the various factors that compromise the
driving performance decreases. In addition, the
increase of BAC is associated with a decrease of
cognitive capacities and motor skills. Additionally,
Marczinski, et al. (2008) state that the influence
of alcohol on driving performance is correlated
with the amount of alcohol ingested, whereas
drivers who ingest moderate amounts of alcohol
(nonbinge drinkers) have a more realistic percep-
tion of whether they are qualified to drive. In con-
trast, drivers who ingest large amounts of alcohol
at once (binge drinkers) block the ability to real-
ize they are not able to drive. This is due to the
fact that binge drinkers are more accustomed to
alcohol, which allows them to have a perception
of a better response to its effect as a result of the
tolerance they developed (acute tolerance) which
in turn gives them a false sensation that they are
capable of driving under those alcohol conditions.

From the nine included studies, six analyzed the
effect of the acute tolerance on driving perform-
ance and/or driver’s behavior (Marczinski and
Fillmore 2009, Cromer et al. 2010, Weafer and Fill-
more 2012, Starkey and Charlton 2014, Charlton
and Starkey 2015, Tremblay et al. 2015), showing
the BAC curve resulting from their experiments,
i.e., BAC levels as a function of time after alcohol
consumption. It was the case of the study carried
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on by Marczinski and Fillmore (2009) that have
found differences between ascending and descend-
ing limb of the BAC curve regarding driver’s per-
ception. The authors observed that the perception
that one is not able to drive is the same whether
for drivers who consume alcohol moderately (non-
binge drinkers) or for drivers who consume large
amounts of alcohol at once (binge drinkers), when
asked in the ascending phase of the alcohol curve.
In contrast, in the descending phase of the alcohol
curve, although none of the drivers has the ability to
drive, binge drinkers have the false perception that
they are capable of driving. They also noticed that
during the descending phase of the alcohol curve,
drivers make more mistakes due to being more
tired and eventually sleepy while in the ascending
phase they still have some energy. Finally, it is clear
that binge drinkers lose the ability to perceive their
degree of intoxication, creating a certain tolerance
to alcohol, i.e. acute tolerance.

Cromer et al. (2010) corroborated, to some
extent, the same conclusions of the authors above,
through undertaking cognitive and psychologic
tests namely visual analog scale, instead of a driv-
ing simulator. Cromer et al. (2010) concluded that
alcohol seriously affects cognitive abilities how-
ever, they observed that in some cases, these capa-
bilities are more affected during the rise of BAC
while other are affected during the decreasing of
BAC level. Despite the descending phase of the
BAC curve does not affect all the capabilities, it is
at this stage that there is the illusion that one is not
intoxicated by alcohol and thus, considering him-
self able to drive. In fact, Cromer et al. observed
that a candidate in the descending phase of the
alcohol curve, with a BAC of 0.8 g/, showed the
illusion of being already with zero BAC, revealing
that he/she has acute tolerance.

Weafer and Fillmore (2012) also concluded that
during the descending phase of the BAC curve
drivers make more mistakes and the drivers with
acute tolerance have a false perception of their
abilities to drive safely. Curiously, the authors
observed that despite drivers with acute tolerance
make more mistakes not all skills are affected. In
fact, acute tolerance was observed specifically to
alcohol effects on motor coordination. However,
and despite any acute recovery from the impair-
ing effects of alcohol on motor coordination might
allow for some degree of recovery of driving abil-
ity, the study findings showed that acute tolerance
to alcohol-impaired motor coordination was not
accompanied by any acute tolerance to alcohol-
impaired driving performance.

In line with the previous studies, Starkey and
Charlton (2014) pointed out that the driving perform-
ance is affected by the BAC level and by the acute
tolerance. Also, they distinguish the ascending phase



from the descending phase in which the second is
associated to a decrease of driving performance.

Tremblay et al. (2015) studied the BAC influ-
ence on young drivers. Among others, they con-
cluded that even with a low level of BAC, young
drivers tend to increase driving speed as well as the
number of driving mistakes. The authors noted
that during the descending phase, after 4 hours of
alcohol ingestion and with a BAC ranging between
0.5 g/l and 0.7 g/1, the number of driving mistakes
is higher than in the ascending phase of the BAC
curve. Additionally, Charlton and Starkey (2015)
mentioned that social drinking highly affects
the perception of driving capabilities as well as
increases the acute tolerance. Hence, the decision
of driving and drinking on a social event should be
made before. In this study, more driving mistakes
were reported during the descending phase of the
BAC curve even for the same BAC values of the
ascending phase, confirming the main conclusions
of the previously mentioned studies.

5 CONCLUSIONS

An extensive review of literature was performed
focusing on BAC influence on driving perform-
ance, particularly regarding the difference between
ascending and descending phases of the BAC
curve, and acute tolerance on drivers. Taking into
account the particular condition of the partici-
pants in this type of experiments, i.e. under the
influence of alcohol consumption, laboratory trials
and particularly driving simulators are a safe tool
in a controlled environment that provide insights
into situations that are difficult to measure in a
naturalistic driving study.

The experimental studies undertaken using driv-
ing simulators and cognitive and psychological tests
analyzing the responses of the participants under
various tasks, showed that the cognitive and motor
skills are affected both on ascending and descend-
ing phases of the BAC curve, however in different
ways. During the ascending phase, the mistakes
regarding motor skills are more pronounced inas-
much as the response to an unexpected task is exag-
gerated and it is observed a variation of the speed
around the desired speed as set for the experiment.
In the same studies, during the descending phase,
and despite in some cases are observed a reduction
on the magnitude of alcohol impairment of motor
coordination, cognitive mistakes are observed,
affecting not only the driving performance but also
the risk perception. In this point, studies showed
that drivers have a wrong perception of their driv-
ing capabilities in the descending phase of the
BAC curve. These findings described the acute tol-
erance phenomenon that may be associated with
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traffic conflicts and accidents when drivers are
under influence of moderate BAC. Indeed, it was
observed that drivers with acute tolerance feel that
they are capable of driving well, minimizing the
risk perception.

Overall, the studies selected in this review are in
line inasmuch as they concluded that it is during
the descending phase of the BAC curve that it is
observed higher number of mistakes, however diverg-
ing on the type of capabilities most affected. Indeed,
during the descending phase same authors found an
acute tolerance to alcohol effects on motor coordi-
nation, however no acute tolerance was observed to
the impairing effects of alcohol on inhibitory con-
trol as individuals remained just as disinhibited by
alcohol when BAC was declining as when it was ris-
ing. Additionally, when BAC begins to decline, other
factors, such as fatigue or impaired attention, might
play a role in determining driving impairment.

The studies pointed to the importance of a deep
analysis of BAC effect on driver’s performance,
especially regarding the acute tolerance. This phe-
nomenon may be a common issue during social
events, confounding the drivers and others about
their driving capabilities compromising the right
decision of not driving and thus, exposing them
to the risk of accident. Proving this assumption,
the decision of driving should be made before any
alcohol consumption otherwise the accident risk
increases due to poor driver performance. More-
over, the legal limits in several countries may be
questioned regarding the desirable effects on acci-
dent and injury prevention.
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ABSTRACT: This paper presents a case study that applies a Hazard and Operability Study (HazOp)
into a part of an industrial wastewater treatment plant under construction. The aim of this study is to
identify hazardous situations and operational risks before the occurrence of these scenarios, prior to the
plant start-up. HazOp is a structured and systematic qualitative examination of a process plant opera-
tion, based on guidewords and nodes, that identifies and assess hazardous and risks. Two risk scenarios
were identified and analysed by HazOp methodology, resulting in technical recommendations for the
management of these risks. These recommendations target safety in plant operations and, since they
are suggested prior to the beginning of plant operation, its implementation demands few resources and

presents high cost-effectiveness.

1 INTRODUCTION

This work is based upon the thesis written by Reis
(2016), in which the wastewater treatment unit of
a siderurgy company, named “Waters” (fictitious
name) is evaluated. This study presents a risk
assessment of the processes of an industrial waste-
water treatment plant in executive design using
the Hazard and Operability (HazOp) method to
analyse industrial process risks and to identify
possible facility improvements, such as changes
in equipment, instrumentation, automation and
chemical handling before the industrial plant starts
operating. Despite the existence of numerous risk
analysis techniques, such as PHA, FMEA and
FTA, HazOp was chosen for this project because it
presents the best methodology for identifying risks
during all pashes of any industrial process plants,
especially during the operation.

According with Kletz (1999) apud Isimite &
Rubini (2016), “It is better to illuminate the hazards
we have passed through than not illuminate them
at all, as we may pass the same way again, but we
should try to see them before we meet them ... unfor-
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tunately, we do not always learn from the hazards
we have passed through.” Furthermore, Dunjo et al
(2011) notes that HazOp study is a risk assessment
tool applied worldwide, used for studying not only
hazards, but also operability problems of a system
by exploring the effects of any deviations from
design conditions. This method reviews equip-
ment, instrumentation, utilities, human factors
and external events that might impact the proc-
ess following Piping & Instrumentation Diagrams
(P&ID). This study explores this method to illu-
minate hazards inherent of a wastewater treatment
unit that handles with dangerous substances and
to identify critical process parameters.

2 METHODOLOGY

This paper carried out a quantitative HazOp study
(Galante et al. 2014) of a wastewater treatment
unit through a structured analysis of the system
and its processes by a multi-disciplinary team. In
this method, the team follows the process lines,
analysing possible deviations in each stage of



process design or operation (Crawley, 2000). Even
being systematic and rigorous, the analysis can also
be flexible. This analysis is done by a systematic
usage of words in combination with system param-
eters to identify deviations in the process workflow.

According to Kotek & Tabas (2012) HazOp is
a systemic approach best suitable to carry out risk
assessment in process units. HazOp method has
been used: (i) systemic approach towards assess-
ment of safety and operability; (ii) advantage of
the keywords (see Table 1) for generation of devia-
tions from the safe situation, and (iii) principle of
a brainstorming during the creative development
of the considered scenarios of events, originating
from the deviation from the safe situation, fol-
lowed by the identification of deviation causes,
safety functions and evaluation of their possible
effects.

The record of the study is realized by a usual
form of the discussion of the HazOp team follow-
ing the scheme: deviation—causes—effects—safety
functions—action/measure. Identification of sig-
nificant deviations is made through guide parame-
ter words coupled with process parameters. Table 1
lists some of the most commonly used parameters
and guidewords combinations used.

In order to structure the analysis, the process
is split into segments, each of them designated as
a “node”, which is a part of all process that usu-
ally has similar characteristics and equipment or
low variation of the operating parameters. The
first attempt for nodes selection is to identify main
sections, which are easy to “disconnect” from
each other (e.g., feeds section, reaction section,
absorber section, distillation, etc.). Main sections
are addressed as a wide number of equipment that
is involved in achieving a sub-aim: contributing to
the overall design intention of the process. This is

Table 1. Deviations and parameters.
Parameter Guideword Deviation
FLOW None, Less, No flow, Less flow,
More, More flow, Reverse
Reverse flow, Other flow,
Other, Contamination
Also
PRESSURE More More pressure
Less Less pressure
TEMPERATURE More Higher temperature
Less Lower temperature
VISCOSITY More More viscosity
Less Less viscosity
REACTION None No reaction
Less Reaction incomplete
More Intense reaction

Table 2. Probability levels.

Cat. Description Aspects

A Likely to occur often
in the life of an
item.

Will occur several
times in the life of
an item.

Likely to occur
sometime in the
life of an item

Unlikely, but possi-
ble to occur in the
life of an item.

So unlikely, it can be
assumed occur-
rence may not be
experienced in the
life of an item.

Incapable of occur-
rence. This level
is used when
potential hazards
are identified and
later eliminated.

Frequent

Probable

Occasional

Remote

Improbable

Eliminated

Source: Mil STD 882-E (USDoD, 2012).

Table 3. Severity categories.

Cat.Description Mishap Result Criteria

1 Catastrophic Could result in one or more of the
following: death, permanent total
disability, irreversible significant
environmental impact, or monetary
loss equal to or exceeding $10M.

Could result in one or more of the
following: permanent partial dis-
ability, injuries or occupational
illness that may result in hospitali-
zation of at least three personnel,
reversible significant environmental
impact, or monetary loss equal to
or exceeding $1M but less than
$10M.

Could result in one or more of the
following: injury or occupational
illness resulting in one or more lost
work day(s), reversible moderate
environmental impact, or monetary
loss equal to or exceeding $100K
but less than $1M.

Could result in one or more of the fol-
lowing: injury or occupational ill-
ness not resulting in a lost workday,
minimal environmental impact, or
monetary loss less than $100K.

Critical

Marginal

Negligible

Source: (Galante et al. 2014).
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Source: Adapted from Mil STD 882-E (USDoD, 2012).



Table 4. Risk assessment matrix Table 5. Ethanol storage conditions.
RISK ASSESSMENT MATRIX Storage period 29 days
SEVERTY Catastrophic Critical Marginal
mrosheLTy 2 = 2 2 Required volume 7,0 m?
o Enis Mo Number of tanks 1 (TQE-E02-005)
Probable r— el Tank diameter 2,0m
© Tank useful height 2,3 m
S Serious Medium Low Tank useful volume 7,0 m?
“‘(g;’" Serious Medium Medium Low
improbable — S Medium - Ethanol consumption is 10 L/h (equivalent of
8 kg/h) and it is storaged under condition pre-
R Etminated sented in Table 5.

Source: Mil STD 882-E (USDoD, 2012).

the first chased size for breaking the process into
nodes (Dunjo et al, 2011).

In a typical HazOp, for each node, the team
maps possible deviation and identifies and analy-
ses its causes and effects. This work moves beyond
a typical methodology by using quantitative
approach proposed by Galante et al (2014) in which
causes and consequences are qualitatively assessed.
Causes are converted into frequency of occurrence
using a series of parameters (Table 2), while and its
effects are converted into consequences (severity)
using the parameters from Table 3.

Probability and severity categories determines a
risk rating value, which supports decision making
whereas a risk is tolerable, as well as its priority
when it comes to mitigation. The combination of
frequency and severity is conducted by the usage
of risk matrices (Table 4).

3 CASE STUDY

The wastewater treatment plant under evaluation
presents a series of hazards, which include the
usage of chemicals, high and low pressures, tem-
peratures and flow. The inventories of chemicals
include basic chemicals (sodium hydroxide and
calcium hydroxide) and acids (sulphuric acid, citric
acid and ferric chloride).

Hazards from these chemicals include cor-
rosively (sodium hydroxide and sulphuric acid
and ferric chloride); irritant capability (calcium
hydroxide and citric acid); and flammability. Flam-
mability is mainly due to the presence of Ethanol
(CH,CH,OH) with a flash point of 13°C, LEL
(Lower Explosive Limit) of 3.3% by volume and
UEL (Upper Explosive Limit) of 19% by volume
(PubChem, 2016), i.e., small releases of ethanol
vapours may generate explosive atmospheres in the
surrounding area.
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The ethanol tank, shown under tag TQE-E02-
005 in Figure 1 is protected against spills by a rein-
forced concrete tank (width 4,0 m; length 4,0 m;
height 1,0 m; total volume: 10,2 m?®) and a level sen-
sor (LIT-E02-011).

4 RESULTS AND DISCUSSION

The P&ID from Figure 1 corresponds to the node
under evaluation in this work, equivalent to ethanol
transference and storage into the tank. Although
this entire HazOp was developing around 33 nodes,
this work focuses on the most critical node, which
links preparation, storage and dosage of ethanol
operations.

For the assessment of these risk scenarios,
only two parameters were considered applicable:
flow and pressure. Ethanol supply to the tank is
done by a dedicated truck connection coupled to
a pump, which has only one direction of rotation
and operates at a fixed flow rate. This assures con-
sistency with the internal pressure generated by the
fluid and supported by the hose. There are quick
couplers on connections (truck and pump connec-
tions), coupling the truck-hose between these two
points.

Tables 6 and 7 present the results from the
application of HazOp in the selected node. Table 6
addresses the transference of ethanol from the
transportation truck to the storage tank, while
Table 7 stands for the analysis of the ethanol stor-
age into the tank TQE-E02-005.

This HazOp analysis, in the operation of trans-
ference of ethanol from the transportation truck
to the storage tank, for the deviation “less flow”
and “no flow”, has assessed one scenario as Low
Risk, two as Medium Risk, and others two as Seri-
ous Risk. Once there are medium and serious risks,
it is necessary to provide recommendations for risk
management. In scenarios where there is the possi-
bility of ethanol accidental liberation, causing fire
or explosion due its flammability characteristics,
the study has recommended to remove or elimi-
nate explosion ignition sources during all steps
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Figure 1. P&ID of ethanol preparation and storage operations.

of operation, and ensure that the hose and con-
nections are correctly grounded in the same earth
equipotential of the tank trunk and the transfer-
ence pump. Moreover, due ethanol viscosity and
its transference in pressure, static electricity build
up on the walls of the hose are a concern once a
spark source can potentially starts afire. Taking
pump, trunk tank, hose and connections by the
same earth equipotential, the risk of ignition from
static electricity is greatly reduced.

The less pressure deviation had presented a seri-
ous risk, having as consequence the mechanical
tank truck implosion, caused by a failure in the top
vents of this tank. This implosion happens due an
lower pressure (vacuum) inside of the tank, break-
ing the mechanical structure of the tank and caus-
ing an ethanol spill that contaminates personal and
environment, as well as fire or explosion, due its
flammability. Recommendations for this scenario
were similar to the less flow deviation, however
including procedures to ensure the all top vents of
the truck tank are in perfect condition and without
obstruction before the operations stars, and also
guarantee that all personal involved in this opera-
tion has been trained to identify top vents failures
and obstructions.

For ethanol storage operations in tank TQE-
E02-005, two possible deviations were identified:
high level and low level. As defined in the P&ID,
the ethanol tank will have two LIT (Level Indica-
tor Transmitter), as redundancy. Although this
redundancy control, LIT can fail, and this might
lead to leakage of ethanol. As recommendation for
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“high level” deviation, it was suggested to enable an
automation interlock between LIT of TQE-E02-
005 and the transference pump, shutting down this
pump when the tank level reaches HH (High High)
parameters.

Furthermore, it is possible to evaluate the pos-
sibility of having a backup automated system, not
having LIT as a reference, which also shut down
the transference pump when detects high ethanol
levels. For “low level” deviations, it was identified
that, during normal operation of ethanol dosing,
for the wastewater treatment process, if the LIT
fail during the transmission of low level signals, the
metering pumps will send continuously ethanol to
the process, till no more product is available inside
the tank.

These metering pumps are responsible for etha-
nol dosing in the process and by design, cannot run
without fluids. If these pumps run dry it may cause
serious cavitation damages, which can be mitigated
enabling an automation interlock between LIT of
TQE-E02-005 and the metering pumps, that when
LIT reaches LL (Low Low) levels, all the metering
pumps will be shutted down instantly.

An overall recommendation is to observe all
operational procedures, check materials and ver-
ify equipment integrity to ensure that all situa-
tions that can cause a loss of ethanol containing
are controlled and identified. Safety must be the
prime concern in all actions during the operations
of transference of ethanol from the transportation
truck to the storage tank and ethanol storage into
the tank TQE-E02-005.
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Table 6. HazOp table: transference of ethanol from the transportation truck to the storage tank.

Ethanol flow transference None  No flow Unplanned Locking of Delay in the E 4 - Prevent the inadvertent closing of manual valves.
between truck and tank manual valves operations - In case of loss of containment, follow procedures
to avoid ethanol spreading.
Ethanol flow transference None No flow Fail in the hose integ- Ethanol spill, D 1 - Remove or eliminate explosion ignition sources
between truck and tank rity or accidental causing con- during operation.
disconnection of any tamination, fire - Ensure that the hose and connections are cor-
quick coupler or explosion rectly grounded in the same earth equipotential of

the tank trunk and the transference pump.

- Ensure that the hose and connections are in per-
fect condition and operation.

- Evaluate the possibility of substitution of etha-
nol as a carbon source for other less dangerous

product.
Ethanol flow transference None No flow Pump fail Delay in the B 4 M - Ensure that the pump, its accessories and connec-
between truck and tank operations tions are in perfect condition and operation.

- Evaluate the possibility of having a backup pump
for this process.

Ethanol flow transference Less Less flow Partial fail in the hose Ethanol spill, D 2 M - Remove or eliminate explosion ignition sources
between truck and tank causing con- during all steps of operation.
tamination, fire - Ensure that the hose and connections are in per-
or explosion fect condition and operation.

- Ensure that the hose and connections are cor-
rectly grounded in the same earth equipotential of
the tank trunk and the transference pump.

Ethanol pressure transfer- Less Less pressure Failure in the top vents Mechanical tank D 1 - Ensure that all top vents of the truck tank are
ence between truck and of the truck tank, implosion, in perfect conditions and without obstructions
tank causing internal causing etha- before transference operation begins.

vacuum nol contamina- - Ensure that all personal involved in this operation
tion, fire or has been trained to identify top vents failures and
explosion obstructions.

- Ensure that the hose and connections are cor-
rectly grounded in the same earth equipotential of
the tank trunk and the transference pump.




Table 7.

HazOp table: ethanol storage into the tank TQE-E02-005.

Ethanol level High High LIT fail during Ethanol spill,

in the tank level ethanolload-  causing con-
TQE-E02- ing to the tamination, fire
005 tank or explosion

D 1 - Enable automation interlock
between LIT (level indicator) of
TQE-E02-005 and the transfer-
ence pump.

- Evaluate the possibility of having
a backup automated system that
shut down the transference pump

when detected high ethanol level.

Ethanol level Low Low LIT fail during Damagesinthe D 2 M - Enable automation interlock

in the tank level normal opera- metering pumps between LIT of TQE-E02-005

TQE-E02- tion of the of the ethanol and the metering pumps.

005 tank dosing process - Evaluate the possibility of having
an automated system that shut
down the metering pumps when
detected low ethanol level.

5 CONCLUSIONS REFERENCES

A HazOp analysis presents some operational recom-
mendation to avoid economic and safety loss in the
experimental works. However, besides the consid-
eration of economic order, aspects concerning the
safety of a process are becoming more important
by an increasing knowledge of the environmental
problems and life quality in a scenario of sustain-
able world growth. Safety assessment at workplaces
involves operation risks as well as all other kinds of
tasks and hazardous activities, which, in this paper,
include the operations of a wastewater treatment
unit that is under construction, but its operational
risk were already identified, resulting in recommen-
dations that will easily implemented. For instance,
the recommendation of an automated system that
shut down the metering pumps when detected low
ethanol level, for “low level” deviations, will demand
a simple installation of new two sensors, one trans-
mitter and few connecting wire in each metering
pump; a simple and not complex installation that
can im-prove operational safety, and can be easily
done be-cause was identified by a HazOp study dur-
ing the construction phase. Although this particular
HazOp attends a Wastewater Treatment Unit, this
study can be performed for any industrial plant, in
any phase of this life cycle: project, construction,
operation, expansion and decommissioning. How-
ever, as evidenced, if HazOp is performed in the
project or construction phases, the safety recom-
mendations can be implemented quickly, economi-
cally and effectively.
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A framework for developing safety management competence

S. Tappura & J. Kivisté-Rahnasto
Tampere University of Technology, Tampere, Finland

ABSTRACT: The safety management competence plays a crucial role when managing safety in organi-
sations. Developing managers’ safety competence is one way of achieving better safety performance. The
aim of this study is to construct a Safety Management Competence Development (SMCD) framework
based on previous studies and empirical results in a Finnish case organisation. The framework consists of
definition of safety management competence requirements, self-assessment of the competence, definition
of development needs, and implementation of competence development activities. Assessing and develop-
ing managers’ safety competence provide them with knowledge of their responsibilities and expectations,
company-wide safety procedures and targets, as well as tools for promoting safety. The SMCD framework
provides the means for systematically improve managers’ safety competence as an integral part of general
competence development in organisations. Moreover, the assessment and development activities influence
managers’ perceptions of and attitudes toward safety and encourages their commitment to safety.

1 INTRODUCTION contributes to better safety performance, and,
therefore, to business performance (Blair 2003,

1.1 Safety management competence Clarke 2013, Koper et al. 2009, Wu et al. 2008).

To remain aligned with the dynamic needs of the Managers’ resources, competence, and com-

business environment, organisations need to ensure ~ mitment are important in establishing success-
up-to-date competencies (Suikki et al. 2006). Com-  ful organisational safety policies and procedures
petence is the ability to transform knowledge and  (Conchie et al. 2013, Fruhen at al. 2014, Hale et al.
skills into practice in a qualified way and to achieve ~ 2010, Hardison et al. 2014, Simola, 2005). Due to
the required level of performance (Boyatzis 1982,  insufficient safety competence, managers may not
Dreier 2000, Konigova et al. 2012). In this study,  be aware of their responsibilities or the organisa-
safety management competence refers to man-  tion’s safety policy, procedures, and tools. In addi-
agers’ ability to perform safety-related manage-  tion, managers need leadership skills to maintain
ment activities and behaving appropriately for the ~ safe performance in the workplace. (Carder &
required safety performance. Ragan 2005, Tappura & Nenonen 2014)

Since safety and related demands are increas- Occupational Health and Safety (OHS) regula-
ingly an integrated part of business (EU-OSHA  tions provide the foundation for safety manage-
2011, Veltri et al. 2013), managers’ safety compe-  ment competence requirements. The definitions of
tence should be developed accordingly. Current an effective OHS management system (Gallagher
work life presumes managers have different types et al. 2001, Frick et al. 2000) and voluntary OHS
of safety management and leadership competen-  management systems (such as OHSAS 18001:2007)
cies (Conchie et al. 2013, Hale et al. 2010, Tappura  form another perspective on managers’ safety com-
& Nenonen 2014). In organisations in which safety ~ petence needs.
considerations are vital for the companies’ strategy, Previous studies (Biggs & Biggs 2012, Hardi-
competence requirements should be defined as a  son et al. 2014) defined safety management com-
part of identifying core competencies (Prahalad &  petencies in the construction sector. Tappura &
Hamel 1990, Rothwell & Lindholm 1999). How-  Hémaéldinen (2012) defined safety management
ever, in all organisations, safety management and  competence requirements based on literature and
leadership are part of managing other business two safety management training cases in Finnish
activities, and should be closely integrated in general ~ organisations (Table 1). Moreover, the effective
business management in organisations (e.g. EU-  safety leadership competencies relating to safety
OSHA 2010, Hale 2003, Simola 2005, Veltri et al.  performance were identified in Tappura & Nenon-
2013). Moreover, safety management competence  en’s (2014) review.
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Table 1. Safety management competence requirements
(Tappura & Hamalainen 2012).

Safety management competence requirements

OHS regulations and their mandatory requirements

Managers’ role, responsibilities, and authority to
intervene in violations of OHS

Motivation and justification of OHS from economic
and ethical perspectives

OHS policy, goals, programs, and procedures of the
organisation in question

Continuous monitoring and improvement procedures
of the working environment, the work community,
and work practices

Hazard identification, risk assessment, and information
sharing to prevent risks from being actualised

OHS orientation and training

Occupational injuries and near-miss reporting, investiga-
tion, and subsequent learning

Work-related health problems in the working commu-
nity and psychosocial work environment

Safety performance measurement and reporting

Corrective actions control

OHS communication (meetings, inspections rounds, and
discussions)

Encouraging employee participation

OHS cooperation, supporting organisations, and
professionals

Furthermore, Tappura et al. (2016) defined
safety management tasks at different organisa-
tional levels.

1.2 Safety management competence development

Acquiring and developing competences are critical
strategic factors that ensure organisations’ com-
petitiveness (Johannessen & Olsen 2003, Kénigova
et al. 2012, Suikki et al. 2006). Thus, organisations
should provide conditions to ensure sufficient
competence development (Senge 1994, Viitala
2005). Much of the earlier research concentrated
on management and leadership competence devel-
opment (e.g. Crawford 2005, Fong & Chan 2004,
Rose et al. 2007, Suikki et al. 2006, White et al.
1996). However, only a few studies have examined
safety management and leadership competences
(Biggs & Biggs 2012, Hale et al. 2010, Hardison
et al. 2014).

Competencies can be managed with compe-
tency models (Konigova et al. 2012, Rothwell &
Lindholm 1999) to identify the knowledge, skills,
abilities, and behaviour needed to perform effec-
tively in an orgainsation (Lucia & Lepsinger
1999). Competency models can serve as tools for
helping managers in self-reflection, identifying
development needs, and developing and building
collective comprehension concerning management
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(Viitala 2005). In this study, the competence devel-
opment framework is used as a broader concept
that includes competence requirement identifica-
tion, competence assessment, and development
activities.

Competence development can be defined as
the general development of knowledge, under-
standing, and cognition for a specific domain
in a person (Hyland 1994), here, safety manage-
ment competencies. Competence development
typically involves formal and informal learning
(Schoonenboom et al. 2007). Management com-
petencies are generally learned through formal
training, induction, and work experience (Suikki
et al. 2006). On-the-job experience, on-the-job
training, and experiential learning are considered
to be the most effective methods for developing
managers’ competence (Fong & Chan 2004).
Effective safety management training includes
joint discussions with colleagues, demonstra-
tions, and hands-on techniques to strengthen
managers’ commitment to safety (Tappura &
Héamildinen 2011).

Management development studies have sug-
gested that improving self-knowledge is the basis
for all true management development (Pedler
et al. 1986, Viitala 2005), and managers’ own
interpretation of their competence development
needs should be supported in organisations (Vii-
tala 2005). A competence assessment is used to
communicate goals and expectations, to give
feedback on the current competence level, and
to identify development needs (Bergman & Moi-
sio 1999). Thus, the competence assessment is a
basis for the competence development activities.
The competence assessment concept is based on
cognitive learning theories, in which the student
is seen as an active participant sharing responsi-
bility for the learning process and practices self-
evaluation (Baartman et al. 2007, Birenbaum
1996). Relevant competence assessment methods
include behavioural assessment, simulations, and
self-assessment. However, organisational support,
reflection, and mentoring must accompany the
development of assessment programs (Epstein &
Hundert 2002).

These observations led to the proposition that
safety management competences must be taken
into account in general management competence
development in organisations. The main target of
this study is to construct a Safety Management
Competence Development (SMCD) framework
to help organisations in safety promotion. The
framework, based on previous studies and vali-
dated in a case organisation, provides the means
for systematically improving managers’ safety
management competence as an integral part of
general management competence development
procedures.



2 MATERIALS AND METHODS

This study comprises a theory-based construction
of the SMCD framework and empirical reflec-
tions. Thus, the study is located in the normative
area of business studies. The study uses the qualita-
tive approach since it is interpretative. The study is
descriptive and does not state an explicit hypothesis.

The theoretical part of the study was conducted
as a review of the relevant literature to chart the
general competence development models and their
applicability to safety management as well as the
safety management competence requirements.

The empirical part of the study was conducted
in a Finnish technical safety service organisation of
about 200 employees. The employees work in vary-
ing and demanding environments, including office
and customer sites in almost all industrial sectors.
Thus, the safety management competence require-
ments for the managers are extensive. The motiva-
tion of the study in the case organisation arises
from the need to increase line managers’ safety
management competence, to systematically assess
it, to discover individual and organisational com-
petence development needs, and to integrate safety
issues into general competence development.

The SMCD framework was validated in the case
organisation. First, a preliminary safety competence
requirements list was produced based on the occu-
pational safety regulations and the literature by the
researcher. Second, the OHS and human resource
professionals in the organsation (OHS commit-
tee) were interviewed (n = 7), and the list was com-
pleted based on this focus group interview. Third, a
self-assessment of ten line managers (a total of 18
line managers) was conducted using the agreed 17
competence areas. The self-assessment is used as an
assessment method in this study due to its reflective
nature. The self-assessment communicates the safety
management goals and competence requirements, as
well as provides feedback on the current safety man-
agement competence level and development needs.
In addition, self-assessment and reflection encourage
managers to discover their individual development
needs and engage them in the development process.

Based on the self-assessment, the main safety
management competence development needs were
identified and presented to the management team
of the organisation. The safety management compe-
tence development activities and further competence
evaluation were the responsibility of the case organi-
sation and, thus, are not available for this study.

3 RESULTS

3.1 Construction of the SMCD framework

The SMCD framework was constructed to increase
managers’ safety management competence and
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to integrate safety issues into managers’ general
competence identification, assessment, and devel-
opment. The framework is based on the previous
literature and consists of the following phases:
(1) definition of safety management competence
requirements and needs, (2) managers’ self-assess-
ment of their safety competence, (3) definition of
organisational and individual safety competence
development needs and focus areas, (4) planning
and implementation of related safety competence
development activities, and (5) evaluation of the
managers’ safety competence.

Identifying safety management competence
requirements was chosen as the basis for the
SMCD framework. In the first phase, general and
organisational safety competence requirements are
defined. In the second and third phases, the rel-
evant issues are self-assessed to define the major
development needs at the organisational and indi-
vidual levels. When the assessment is carried out
as a self-assessment, the managers reflect on their
development needs directly. Moreover, the self-
assessment is a good way of improving the man-
agers’ commitment to competence development
activities. In the fourth phase, safety management
competence development activities are planned
based on the development needs at the individual
and organisational levels. When possible, the devel-
opment activities are integrated in the general man-
agement competence development activities. In
the fifth phase, the evaluation of the adequacy of
managers’ safety competence is also integrated in
the general management competence evaluation.

3.2 Validation of the SMCD framework

The SMCD framework was validated in the case
organisation as follows. First, a preliminary list
of 13 general safety management competence
areas was defined based on the employers’ regula-
tory occupational safety requirements and previ-
ous literature (see Tappura & Hamaldinen 2012).
The preliminary list was presented to the occupa-
tional safety committee of the case organisation.
The competence areas were discussed and sup-
plemented in the committee. A final version of 17
safety competence areas (Table 2) was accepted.

Second, a self-assessment was carried out with
ten line managers. According to the results, the
major organisational development needs are related
to the OHS policy, reporting and inspection of
occupational accidents, OHS plan, and support for
OHS management in general. During the self-as-
sessment, the managers reflected on and identified
individual development needs, and, thus, started
the learning process. The self-assessment identified
the main individual and organisational competence
development needs. The results were presented and
discussed in the management group.



Table 2. Safety management competence areas for the
self-assessment in a case organisation.

Safety management competence areas

. OHS policy

. Reporting and inspection of occupational accidents
OHS plan

. Early support and intervention guidelines
Support from OHS committee

. Support from occupational health care
Occupational health care agreement

. Intervention procedure in safety violations

. Risk assessment procedure and major risks

. Workplace survey by occupational health care

. Alcohol abuse prevention plan

. Personal protective equipment guidelines

. Intervention procedure in case of harassment or
other inappropriate treatment

Contact person (and support) of OHS committee
Development discussion procedure

Working hours, holiday and travelling guidelines
Recruitment procedure

—
W —= O o

14.
15.
16.
17.

Based on the competence areas, an assessment
form was produced for the self-assessment.

Based on the results, appropriate individual and
organisational competence development actions
were planned and integrated into the general com-
petence development activities and management
training. The competence development activities,
however, were not studied in this study.

4 DISCUSSION

Managers’ safety competencies clearly overlap
with the existing conception of “good” manage-
ment behaviour and therefore should be inte-
grated into the overall management practices
(HSE 2007). Moreover, managers’ leadership skills
should be emphasised to improve safety perform-
ance (Tappura & Nenonen 2014). However, the
OHS management perspective is generally absent
in management and HR studies and literature
(Zanko & Dawson 2012).

In this article, a framework for developing
managers’ safety management competence was
constructed. The framework provides a basis
for managers’ safety management competence
identification, assessment, and development as
an integrated part of managers’ general compe-
tence development. Moreover, it can be utilised
in organisational-specific competence models.
The framework takes the general development
activities into account and complements existing
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activities with relevant safety issues. For exam-
ple, identifying managers’ safety competence
could be part of competency models (Konigova
et al. 2012) and identifying core competencies
(Prahalad & Hamel 1990, Viitala 2005). Self-
assessment could be part of the general devel-
opment discussion, where safety objectives,
related competence requirements, and develop-
ment needs could be discussed as part of other
management responsibilities. The managers’
own interpretation of their safety competence
needs should be taken into consideration since
it reflects their motivation to develop as well as
deficiencies in competence development proce-
dures (Viitala 2005).

Safety management competence requirements
for the managers are extensive, and well applica-
ble to managerial work in many industrial sectors.
However, organisational and industrial-specific
competence requirements should be considered
when the framework is applied. For example, in
the construction sector such requirements have
been defined (Biggs & Biggs 2012, Hardison et al.
2014).

After the competence development activities,
safety management competence should be evalu-
ated on a regular basis, for example, in annual
development discussions or work climate surveys.
Managers’ safety competence needs should be
evaluated and updated according to the changing
regulatory and organisational OHS requirements
and procedures.

The safety literature and practical experiences
provide the foundation for the SMCD framework.
However, such a framework requires continuous
evaluation and reflection to develop competence
effectively (Suikki et al. 2006) and to be utilised in
competence models.

5 CONCLUSION

Safety management is an integral part of man-
agement activities in organisations and safety
management competencies should be developed
accordingly. This article suggests a framework for
assessing and developing managers’ safety man-
agement competence in different industrial sectors.
The framework provides the means for systemati-
cally improve safety management competence as
an integral part of managers’ general competence
development in organisations. The suggested
framework enables better organisational support
for managers when developing their safety man-
agement competencies and commitment to safety.
In the future, the SMCD framework tools and
applicability to other industrial sectors should be
evaluated.
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ABSTRACT: Among the various negative indicators of well-being are workaholism and burnout. Given
that health professionals have been considered the professionals with higher levels of burnout, we defined
for this study to analyze some of the antecedent variables of workaholism (work passion, professional
satisfaction and engagement for life) and their effect on burnout. The sample consists of 208 professionals
from a Public Hospital, aged between 19 and 66 years (M =40,14; SD = 11,43). The results of the multiple
linear regression analysis allowed us to identify that some of the variables and their dimensions present

significant effects of the workaholism on burnout.

1 INTRODUCTION

The technological development associated with social
and economic changes has rapidly and profoundly
altered the work systems, contributing to new con-
cerns in the approach to the factors associated with
the workers’ health and well-being. One of the con-
cepts that has received more attention is workahol-
ism (Ng et al. 2007). Defined as “the compulsion or
the uncontrollable need to work incessantly” (Oates,
1971, p. 1). It is still unclear whether it has positive or
negatives effects on work (Burke, 2001), its relation-
ship with physical and psychological health (Burke,
2001), as well asits antecedents and effects (Gongalves
et al. 2016). Given the emerging importance of this
concept for understandding and intervening in the
promotion of psychological health at work, we car-
ried out this study with the objective of evaluating
the variables work passion, engagement with life and
professional satisfaction as antecedents of workahol-
ism, and the burnout as an effect on a professional
sector that presents high levels of stress and burnout
— the health sector (Cooper et al. 2016). Regarding
the antecedents, Work Passion (WP) is understood as
a strong affective inclination toward work, in which
one spends time and energy (Vallerand et al. 2003).
The authors propose two types of WP: Harmonious
Passion (HP) and Obsessive Passion (OP) which are
distinguished by the degree of internality in personal
identity and the consequent compulsion to engage
in the activity (Vallerand et al. 2003). Professional
Satisfaction (PS), in turn, is understood as a positive
attitude towards work (War et al. 1979) arising asso-
ciated with health and well-being variables (Faragher
et al. 2005) and with organizational, professional
and personal variables (Lu et al. 2005). WP and PS
are variables that indicate pleasure and involvement
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with work. In turn the Engagement for Life (EL)
is defined in terms of the degree to which a person
engages in the activities to which he gives more value.
On the other hand, a high importance and expendi-
ture of time and energy at work can lead to a burn-
out situation (Innanena et al. 2014, Vallerand et al.
2010). This is understood as the result of a conti-
nuous and prolonged professional stress experience
(Maslach & Schaufeli 1993). It is characterized by
extreme physical and mental fatigue and emotional
exhaustion and it is associated with a wide range of
professions, particularly in the health sector (Doc-
tors and Nurses) where involvement with people is
central to their work (Gundersen, 2001). Thus, if an
individual has signs of burnout, it is natural that his/
her psychological well-being also diminishes signifi-
cantly. Burnout represents costs to the organizations
as well as to society (Bakusic et al. 2017). Among the
various outcomes, emerge the absenteeism (Michie &
Williams, 2003), turnover (Leiter & Maslach, 2009)
and hospitalizations due to mental and cardiovascu-
lar disorders and poor performance at work (Baku-
sic et al. 2017, Maslach et al. 1996), in particular in
doctors and nurses (Becker et al. 2006). In health
professionals these effects are more pronounced.
Research on fatigue and burnout shows negative
effects on job and life satisfaction, more heart dis-
ease, depression, suicide, divorce, etc. with evident
consequences in patient satisfaction, greater number
of medical errors and negligence (Becker et al. 2006,
Bria et al. 2014, Montgomery, 2014, Shanafelt
et al. 2010). Thus, to obtain a model able to predict
burnout on the basis of the independent variables,
a multiple linear regression was performed. Four
models were used to determine the variables studied
in the dimensions of burnout: physical exhaustion,
emotional exhaustion and cognitive fatigue.



2 METHOD

2.1

The sample of the present study was collected for
accessibility in the same public health institution.
It is a sample composed of 208 workers, 177 of
the feminine gender and 27 of the masculine gen-
der, with a mean age of 40.14 years (SD = 11,43).
In relation to marital status, the majority of the
participants are married or live together (59,1%).
Regarding the educational level, 71.8% of the par-
ticipants have higher education, the remaining
percentage is distributed in Primary Education
(2%), Basic Education (8.4%) and Secondary Edu-
cation (17.8%). Regarding the type of contractual
relationship, 64.6% of respondents have a perma-
nent contract, 20% have a fixed-term contract and
14% have other types of contracts. The majority
of the participants are nurses (57.5%), the rest are
technical assistants (14.4%), operational (13.7%),
doctors (5.2%) and still with minor presence psy-
chologists, therapists, auxiliaries, and physiothera-
pists (9.2%).

Sample and procedure

2.2 Measures

All applied scales were evaluated on a 7-point Lik-
ert scale (1 - Strongly disagree to 7 - Totally agree)
and are properly validated or have been trans-
lated and tested for the Portuguese population
according to the recommendations of Hambleton,
Merenda, and Spielbergers (2006): Passion Scale
(Vallerand et al. 2003) - adaptation of Gongalves,
Orgambidez-Ramos, Ferrdo and Parreira (2014).
This scale is composed of 2 subscales of 7 items:
harmonious passion and obsessive passion. Both
values of internal consistency are satisfactory and
similar to the original study values and the adapta-
tion (HP = 0.92 and OP = 0.89). Engagement for
Life—It is a one-dimensional measure originally
constructed by Scheir et al. (2006), consisting of
six items: three items framed in a positive direc-
tion (items 2, 4 and 6) and three items framed in a
negative direction (items 1, 3 and 5). The intent of
the scale is to provide an index of purpose in life,
assessing the importance of the activities for the
participant. As an example of a positively-driven
item: “For me, everything I do is important.” And
as an example of a negative item: “I do not give
much importance to the things I do”. The inter-
nal consistency of the original scale presents a
value of 0.77 similar to the original studies. Pro-
fessional Satisfaction. It is a one-dimensional scale
of 16 items originally constructed by Warr et al.
(1979). The original study had an internal consist-
ency of 0.89, and in the present study we obtained
a Cronbach’s alpha of 0.82. Workaholic’s pro-
file was evaluated through the two-dimensional
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WorkBat scale of Spence and Robbins (1992). It is
a 25-item self-report questionnaire subdivided into
three subscales: the work involvement factor that
refers to the generalized attitude of psychologi-
cal involvement with work (items 1-8); work drive
indicator questions which are related to an internal
compulsion to work hard and a sense of guilt when
you fail at work (items 9-15); and finally, questions
of work enjoyment that are related to the pleasure
derived from work (16-25). Regarding the internal
consistency of the scale, it showed a good reliability
in the general scale of 0.77, however, in the work
involvement subscale it showed an alpha of 0.44,
in the work drive subscale an alpha of 0.81, and
finally in the subscale work enjoyment an alpha of
0.77. With the exception of the work involvement,
the values are acceptable and similar to the origi-
nal studies. Burnout—was evaluated with fourteen
items of the two-dimensional measure adapted
from Shirom-Melamed Burnout Measure (SMBM)
by Shirom & Melamed (2006). The scale consists of
three subscales, namely physical fatigue (6 items),
emotional exhaustion (3 items) and cognitive fatigue
(5 items). Regarding the internal consistency of the
scale, it presented values between 0.79 and 0.9, simi-
lar to the values of the authors of the scale.

3 RESULTS

3.1

Table 1 shows the means and standard deviations
of all the variables under study. With respect to the
Work Passion (WP), we can observe that the Har-
monious Passion (HP) presents a mean (M = 4.98)
significantly higher than the Obsessive Passion
(OP) (M = 2.75) (p<0.05). The variables Engage-
ment for Life (EL) and Professional Satisfaction
(PS) present means of 6.00 and 4.14, respectively.
Regarding the dimensions of workaholism (W),
although the largest dimension is work involve-
ment (M = 4.01), no significant differences were

Descriptive analysis

Table 1. Mean and standard deviation of the variables.

Harmonious Passion 4,98 1,35
Obsessive Passion 2,75 1,36

Pro!essmna 4,14 0,!7

Satisfaction

Work Passion

Burnout 1,69
1,75

1,57

Physical exhaustion 3,55
Emotional exhaustion 2,92
Cognitive fatigue 2,56




observed in the mean values between the three
dimensions (p> 0.05). As for Burnout, the highest
mean is found in the physical fatigue dimension
(M = 3.55) and the lowest mean in the cognitive
fatigue dimension (M = 2.56). These differences are
significant (p <0.005).

3.2 Inferential analysis

Tables 2 to 4 summarize the results obtained by
the hierarchical regressions performed in the three
dimensions of burnout: physical fatigue, emotional
exhaustion and cognitive fatigue. The subsequent
inferential analysis focuses only on the final mod-
els (M4), i.e., on the total set of variables, after the
introduction of the workaholic variable. As it can
be seen in Table 2 — physical fatigue dimension of
the burnout—the predictive power of the variables
under study is improved (Ar? = 10%, p = 0.000) by
including the dimensions of workaholism (involve-
ment, drive and enjoyment). It should be pointed
out that the work drive dimension assumes a sig-
nificant contribution (B = 0.353; p = 0.000) and
that the global model contributes approximately
30% to the explanation of burnout—physical
fatigue. In the remaining two dimensions of burn-
out—emotional exhaustion (Table 3) and cogni-
tive fatigue (Table 4)—analogous situations occur,
and the predictive power is improved by adding
the dimensions of workaholism (involvement,
drive and enjoyment) in (Ar? = 4%, p = 0.000) and
(Ar? = 5%, p = 0.000), respectively. It is also worth
noting that the work drive dimension assumes

Table2. Synthesisof hierarchicalregressionforburnout—
physical fatigue.

0.000
0.006

—5.188
2.787

Harmonious passion —0.387
Obssessive passion

0.208

—-2.688

Harmonious passion —0.232

Obssessive passion 0.129 1.646  0.101

Engagement for life  -0.203  -2.611  0.010

Professional 0.117 1.671 0.096
Satisfaction
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Table3. Synthesisof hierarchicalregressionforburnout—
emotional exhaustion.

-0.430 -5.874  0.000
0.262 3.576  0.000

Harmonious passion
Obssessive passion

armonious passion —-0.16 —2.048 .
Obssessive passion 0. 083 1.158  0.248
Engagement for life -0.470 -6.641  0.000
Professional Satisfaction 0.003 0.047  0.963

Table 4. Synthesis of hierarchical regression for
burnout—cognitive fatigue.

-0.477 —6.813  0.000
0.427 6.104  0.000

Harmonious passion
Obssessive passion

-0.211

Harmonious passion -2.801

0.000

Obssessive passion 0.270 3.944
Engagement for life -0.409 -6.021  0.000
Professional Satisfaction  0.097 1.588 0.114

significant contributions in the emotional exhaus-
tion (B = 0.202, p = 0.002) and cognitive fatigue
(B=0.204, p=0.001) dimensions, and that the cor-
responding models contribute, respectively, to the
explanation of the burnout, associated with these
dimensions, by approximately 35% and 40%.

4 DISCUSSION AND CONCLUSION

This study aimed to evaluate the effect of worka-
holism and its predictive variables on burnout in
the health professionals. In order to obtain a model



that allowed to predict burnout, as a function of
the independent variables, a multiple linear regres-
sion was performed. Four models of determina-
tion were performed. The model with the greatest
explanatory power was the one that included the
five independent variables together. Regarding the
explanatory contributions to burnout, in its various
dimensions (physical fatigue, emotional exhaus-
tion, cognitive fatigue), it can be observed that in
the three hierarchical regressions performed, the
significant contributions were consistent, that is,
the WP (HP and OP), the EL and the workaholism
work drive dimension. It should be noted that of
these significant contributions, the OP had a higher
explanatory power of the cognitive fatigue dimen-
sion. In turn, HP and EL presented a negative direc-
tion, that is, the more the individual experiences
them, the fewer symptoms of burnout presents. In
other words, it may be assumed that they may be
protective factors (Vallerand et al. 2010). A harmo-
nious positive attitude towards work allows one to
take pleasure from work because the individual is
free to leave and engage, equally with pleasure, in
other activities of life (Wrosch et al. 2003). In this
situation, when work and life are balance the indi-
vidual on the one hand, is less workaholic and, on
the other, develops less burnout. The work drive
dimension of workaholism is the one with the
greatest predictive power of burnout, corroborat-
ing other studies that show that this component of
workaholism is the one that consistently presents
higher predictive values with negative outcomes
(see Burke, 2000; for reviews), in particular in the
physical fatigue dimension (Gongalves et al. 2016,
Taris et al. 2005). However, in general the worka-
holism has a low predictive value compared to the
other variables, in our opinion it may be negatively
associated with EL and HP.

In summary, this study provides an overview of
workaholism and its effects on burnout and psy-
chological well-being in health professionals. Stud-
ies show that workaholism is equated with negative
outcomes (e.g., burnout and lower levels of psycho-
logical well-being). Both entail significant losses
for workers and organizations, particularly in a
professional area already physical and emotionally
very demanding: the health area. Although much
research has been done on this construct, its ante-
cedents and effects, many questions are still open.
Perhaps because health professionals themselves
are contaminated by a perspective of pathology or
disease that needs to be cured (Montgomery, 2014)
or prevented in terms of personal skills training
(for example: resilience (Chaukos, et al. 2016)).
So, the identification of the factors that potenti-
ate both situations, will allow to delineate strate-
gies of prevention and intervention associated to
the variables of development of burnout. Interven-
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tion measures are necessary in the antecedent vari-
ables of the burnout in order to promote healthier
and less risky work environments for both, health
professionals and patients. In practice, this study
allows to identify variables to take into account in
the measures of evaluation of fatigue and profes-
sional risk. Future studies should consider sources
of conflict and the work-family interaction man-
agement (Sousa et al. 2016), particularly with
regard to work demands and personal resources
(e.g., JD-R model), the career perspectives and
demands, and the value that individuals attribute
to work and to family.
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Are there health risks for teenagers using mobile phones?
A study of phone use amongst 14—-18 year olds

J. Fowler & J. Noyes
School of Experimental Psychology, University of Bristol, UK

ABSTRACT: Mobile phone use amongst teenagers has increased more than any other age group.
However, recent studies have suggested possible health concerns from mobile phone use. A survey of
163 participants aged 1418 years is reported. Participants completed questionnaires about their mobile
phone use combined with exploratory interviews. Findings suggest users could be at risk from radiofre-
quency damage from lengthy phone calls and storage of the phone on the body, musculoskeletal problems,
impaired performance due to multi-tasking, eyestrain, dependence, ‘time wasting’, anti-social behaviour
and sleep disturbance. It is concluded that active promotion and application of government guidelines on
mobile phone use need to be recommended.

1 INTRODUCTION 1.1 Musculoskeletal

Extensive usage of mobile phones, often using
awkward postures, has led to a range of muscu-
loskeletal problems, for example, pain at the base
of thumb has been reported (Berolo et al., 2011,
Gustafsson et al., 2010).

The mobile phone has become a ubiquitous gadget
for daily use throughout the world. It has spread
faster than any other information technology
(Jonathan, 2010). Usage has increased amongst all
ages but, in particular, amongst teenagers (Lenhart,
2012). In 2014, along with tablets, the mobile phone
had become the most popular technology for 6-15

year olds in the UK after the television (Ofcom,  Hearingand vision problems include high frequency
2014). hearing loss (Velayutham et al., 2014) and dam-

It has been suggested that the success of the  age to the inner ear (Panda et al., 2010), eyestrain
mobile phone amongst young people is because of (Bababekova et al., 2011), vision disturbance (Balik

the way in which the phone facilitates teenage devel- ¢t al., 2005) and blurred vision (Kucer, 2008).
opmental needs (Korensis, 2013). At a stage in their

life when they are defining their own identity and . .
core values, relationships with friends and independ- 1.3 Radiation effects

ence from parents are important concerns (Baron,  Studies have suggested a possible link between
2009, Ling & Yttri, 2002). A mobile offers the teen-  mobile phone Radiofrequency (RF) radiation
ager a tool for easy contact through texting, call-  effects, the incidence of brain tumours (Hardell
ing, email, and other social media. However, mobile et al., 2008) and reduced fertility (Redmayne, 2013).
phones now carry a UK Government health warn- Up until the age of 18, teenagers are potentially
ing that highlights the scientific uncertainties about ~ more susceptible to the RF effects because their
the long-term health effects of mobile use. Current  brains have a higher fluid content and their skulls
government recommendations advise young users  are thinner than those of adults. This means that
not to hold their mobile near their head if they the penetrative effects are much greater and the
make a voice call and recommends texting rather  specific absorption rate is considerably higher for
than calling (Government Advice, 2012). Moreo- 1418 year olds than for adults.

ver, many recent studies have identified health risks A meta-analysis of 101 publications of RF radi-
from using mobile phones. These range from mus-  ation showed that 49 people reported a genotoxic
culoskeletal problems to the effects of electromag-  effect while 42 did not (Hardell et al., 2008). A com-
netic radiation and also concerns regarding hearing,  prehensive review of published scientific literature
vision, cognition, multitasking, dependence, addic-  found 10 human studies that had identified changes
tion and distracted or inappropriate use. in sperm exposed to phone radiation. Men who

1.2 Hearing and vision
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carried their phones in a pocket or slung on a belt
were more likely to have lower sperm count and/or
inactive or less mobile sperm (Ruediger, 2009).

1.4 Cognition and multi-tasking

Some computerised psychometric tests on mobile
phone users aged 11-14 year olds have shown
impaired cognitive function (Abramson et al.,
2009). However, other studies have not (Besset,
2005). The experiments of Hyman et al. (2009)
showed that attention was affected when students
were walking and using their phones at the same
time. Recent experiments show degraded cognitive
performance (Baron, 2009) Users can also experi-
ence cognitive salience. This is when the mobile
phone overrides other thought processes so that
when trying to focus on an activity, they keep
thinking about their phone.

1.5 Dependence, time wasting and addiction

Advantages of improved social communication
from the use of the mobile phone have been well
documented (Baron, 2009). Teenagers can gain a
sense of freedom from being able to be contacted
anywhere, any time. However, there have been neg-
ative health effects reported when voice calls and
texts disrupt social interaction (Humphreys, 2005)
and cause sleep disturbance (Thomee et al., 2011).
A UK Mobile Consumer Survey (2015) showed
that almost half of 18-24 year olds check their
phone in the middle of the night.

Many teenagers feel compelled to reply to texts
and emails, constantly checking for the arrival of
a message. Some of this seems to be an appropri-
ate affordant to the nature of the technology but it
can become problematic. Descriptions of mobile
phone use from a study in Australia (Walsh et al.,
2008) revealed symptoms of behavioural addic-
tion. It is suggested that characteristics of mobile
phone behaviour are contributing to the addictive
behaviour rather than a propensity to addictive
behaviour per se. In extreme cases, mental distress
and disruption of social relationships (Beranuy
et al., 2009) and stress (Sansone, 2013) can occur.

1.6  Inappropriate use

Teenagers may experience inappropriate contact
through cyber-bullying and/or security issues
(Korensis, 2014).

There is a need to find out more about how teen-
agers use their phones and the possible health risks
(Madell & Muncer, 2007). This study attempts to
address this in the light of the literature and to find
out if teenagers are aware of any health risks from
using mobile phones.
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2 MATERIALS AND METHOD

Questionnaire booklets about mobile phone use
were developed and presented to 14-18 year-olds
(n =163) to find out how they use mobile phones.
Participants completed the questionnaires in small
groups across four year groups in two educational
establishments (one school and one further educa-
tion college) in the South West of England. It took
around 20 minutes to complete each questionnaire.
The questions included in the questionnaires are
shown in the Appendix 1.

A pilot study was carried out; some questions
were changed to make sure the terminology was
appropriate for the age group. The question-
naires included open-ended and multiple choice
questions.

Interviews were carried out with 15 participants
in groups of three. Interview questions are outlined
in Appendix 2. They were designed to encourage
open-ended, undirected responses.

Ethical approval was given by the University of
Bristol Ethics Committee.

3 RESULTS AND DISCUSSION

Descriptive statistics show that all 14-18 year olds
own a mobile phone. Latest figures from Ofcom
show that 90% of 16-24 s own a Smartphone
(Statistica, 2015). The 14-18 year olds in this study
make 4 to 5 calls a day (M =4.7, SD 17.2) with a
range of 0 to 213 calls.

Noteworthy points that can be observed from
the figure are that 12.8% say they make no calls on
their mobile. The most number of calls made in a
day is one (27.4%). About a third make two calls
a day (20.7%), roughly a seventh of participants
make three calls a day (15.2%). The number of calls
made then decreases with 0.6% saying they make
213 calls a day. This is considerably higher than
most users in this study and could be indicative of
problematic mobile phone use. The Pew internet

Number of

Percentage number of calls made in a day

Figure 1.
in a day.

Shows the percentage number of calls made



study reports users making and receiving a median
of 5 calls a day (Lenhart, 2012).

The participants make 71 texts a day (M = 70.9,
SD = 144.7) with a range of 0 to 1000. The large
standard deviation for texting could be due to them
having an unrealistic assessment of how many texts
they make or it could be indicative of excessive tex-
ting suggesting problematic mobile phone use. Three
participants stated they sent 1000 texts a day. The
11-17 s Pew Study found that the median number
of texts a day was 60 in 2011 (Lenhart, 2012).

A few participants said they did not text (2.4%).
The most number of texts made in a day are 100
(12.8%) About a tenth make 10 (10.4%) or 20 texts
a day (11%) and a few said they make 50 texts a
day (7.3%).

Associated with usage of mobile phones by
14-18 s, health concerns are reported from the
questionnaires and interviews.

3.1

Most 14-18 year olds use only their thumbs when
they are texting (64%) whilst about a third use both
their fingers and thumbs (33%); however, only a few
said they use their fingers (3%). Texting is the most
popular use of the mobile phone for users in this
study (99%) and participants show considerable skill
in texting ability. For example, one skilled participant
said she could “text without looking”. However, the
evolutionary function of the thumb has not evolved
for repetitive usage, as is required for texting, and can
lead to “Blackberry thumb”, that is, a serious pain at
the base of the thumb. Using both thumbs for texting
is better than using only one thumb and it is advis-
able not to text at high velocity (Gustafsson, 2012).

Musculoskeletal

32

No participants reported problems with hearing and
only one participant commented on the negative
impact of eye strain from using her phone at night.

Hearing and vision
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3.3 Radiation effects

Participants often used their mobiles for lengthy long
distance contact, “we don’t really bother texting; we
just call each other because it’s so much easier to
catch up and everything.” This could have impli-
cations for possible radiation effects of the phone.
Another concern is where participants’ carry their
phone when on the move. The most common place
was in a pocket (63.4%). Only a few kept their phone
slung on a belt (4.3%). In the interviews, one partici-
pant said that her mobile phone was “quite handy,
like, you can just put it in your pocket and have
everything on it”. Kang and Ghandi (2002) found
that the specific absorption rate was increased by up
to seven fold when a mobile was placed in a shirt
pocket and mobile radiation could be absorbed into
the surface of the heart muscle nearest to the skin
(Ghandi et al., 2012). Keeping a mobile in a trouser
pocket also has health implications. This study did
not ask about which pocket the phone was kept but
this could be ascertained in future studies.

When asked if they had any health concerns
from using mobile phones, many participants were
unsure. In the interviews, for example, one partici-
pant said, “I’ve sort of heard stories but I'm not
sure how much to believe them” to which another
replied, “There’s one (story) about brain cancer,
about putting it under your pillow, and then it’s by
your head when you are asleep ... it’s really bad for
you”. A third participant joined in by saying “I try
to avoid putting my phone near my head and stuff.
I know it’s not really good because of the frequen-
cies and stuff, like, even though you can’t see them,
they’re still there and they do stuff to people” and
“when you have the phone next to your ear, you
have the radiation”. Another participant said that
she got “headaches during long phone calls”.

3.4 Cognition and multi-tasking

Just over half of 14-18 year olds reported multi-
tasking on their phones (61%), slightly more than
younger users (Fowler & Noyes, 2015). Many
14-18 year olds said that they would multi-task
with almost any activity that it was possible (14%).
These included talking, walking, studying, watch-
ing TV, cooking, cleaning, playing games, tidy-
ing, eating, writing, using a laptop or listening to
music, social networks, in fact, “any daily task or
life things”. Other data has shown that 61% of
mobile phone users watch television and use their
phones and 36% use their phones whilst eating
(Facts & Figures, 2015). Texting while walking, for
example, can alter walking behaviour because of
the increased cognitive demands placed on work-
ing memory and executive control by performing
dual tasks (Schabrun, 2014).



3.5 Dependence, time wasting and addiction

Most 14-18 year olds liked to have their phones
on all the time and to be able to be contacted at all
times (96%). There are many benefits to constant
connectivity (Baron, 2009) but the effect of this
can momentarily increase personal stress (Balding,
2013). The UK study of Balding reported that the
emergence of stress was due to participants getting
caught up in compulsively checking for new mes-
sages, alerts and updates. Nearly all teenagers in
this study liked to be able to use a phone to keep in
touch no matter wherever they were (98%).

The ‘time wasting’ capacity of mobile phones is
commented on in the interviews. Participants enjoy
the fact that they can use their phones to alleviate
boredom but frustration is expressed at uninten-
tional time wasting, “It’s like, I think I’'m going to
bed early because I'm really tired but, then, I look
atrandom stuff and, then, .... it’s like, half past 12”.
Problems with cognitive salience can also be experi-
enced by some users, as shown by one participant’s
comments, “It’s just like, really distracting because
you’re like, Oh, I wanna know what it says but I'm
doing my work so, you’re not really concentrating
(on your work)”.

Most participants slept with a phone next to their
bed (92%) and left their phone on when they went to
sleep (88%). Many more leave their phone on when
sleeping than younger users of 8-11 years (Fowler
& Noyes, 2015). 53% of younger users slept with a
phone next to their bed and 35% left their phone on
when they went to sleep. This means that sleep distur-
bance from calls or texts during the night are likely.

3.6 Inappropriate use

The interviews showed that teenagers disliked anti-
social behaviour connected to mobile phone use,
for example, cyber-bullying and unknown callers.

One participant commented on how “People are
able to get your number and text you, someone you
don’t know”. In the interviews, eight participants
voiced their concern about ‘inappropriate’ contact
and were concerned about their safety.

3.7 Conclusions

This study has demonstrated the high involvement
and investment of time in mobiles by this age group.
When matched against the literature on health haz-
ards, a number of health concerns associated with
teenager’s use of mobile phones are surmised.

An awareness of the health consequences of mobile
phone use is important to aid our knowledge and
understanding. Active promotion and application
particularly of the government recommendations for
mobile phone use are important to encourage educa-
tional awareness and understanding for preventative
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harm. However, most teenagers, schools and families
are unaware of these guidelines.
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Appendix 1

Questions relating to Health Issues from the
Mobile Phone Use Questionnaire

What do you like least about mobile phones?

Do you get chance to use a mobile phone?

Do you own a mobile phone?

When on the move where do you keep a mobile
phone? — in a bag; in a pocket; slung on a belt; in
my hand; other, please say where you keep a mobile
phone.

Do use your fingers or thumbs when you use
a mobile phone? — fingers; thumbs; fingers and
thumbs; other, please say what you use

When you use your mobile phone do you do
anything else at the same time?

If yes, please say what other task you carry out?

How many calls do you make on a mobile in a
day?

How many texts do you make on a mobile in a
day?

Do you like to keep your phone on? All the time,
to keep in touch no matter where I am, to sleep
with it next to my bed, to sleep with my phone on
or to turn it off when I go to bed.

What do you use a mobile phone for? Calling,
texting, exchanging photos, recording a video,
exchanging a video, using the internet, email,
games, downloading ring tones, downloading
apps, playing music, setting my alarm, Twitter,
Facebook, Blogging, other Social networks.

Please tick what year group you are—Year 10,
11; 12; 13; 8; 9 (Note. Year 10 = 14-15 years; Year
11 = 15-16 years; Year 12 = 16-17 years; Year
13 =17-18 years.)

Please tick to say if you are a girl or a boy—girl;
boy.

Appendix 2

Interview questions about Mobile Phone Usage
(which indicated health-related issues).

Please can you tell me what you think about
mobile phones?

Why do you think the mobile phone has become
such an important part of everyday life?

Do you prefer to text or call?

Do you ever think if there are any possible
health risks from using a mobile phone?
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ABSTRACT: This paper analyzes the opportunities offered by wearable technology for occupational
risk assessment and specifically the use of smartwatches for hand-arm vibration exposure assessment. A
wide range of electronic devices know like “wearables” include MEMS sensors (Micro Electro Mechani-
cal System) that provide interesting features to the devices. The potential of a smartwatch for evaluat-
ing hand-arm vibration was assessed in laboratory by comparing a smartwatch device with a reference
vibrometer. The results suggest that this kind of devices could be able to be used in specific hand-arm
vibration assessment tasks. It has been found some technical limitations but also it has been identified

opportunities for improvement in the near future.

1 INTRODUCTION

Wearables are devices, gadgets or sensors that are
worn on the body or in clothes, often with a bio-
metric and safety functionality. They can measure
many variables like steps taken, body temperature,
heart rate, sleep patterns, movement, posture and
more.

The information collected by wearable sensor
technology ensures risk management by enabling
health and safety managers to:

— Identify of specific risk;

— Improve measures to reduce injuries;

— Develop a safety culture and education of
workers;

— Ensure productivity and cost-benefit to the busi-
ness. (Ronchi, 2016).

At present the wearable technology is increas-
ingly present in society (Page, 2015). Continuously
new applications appear focused on security, fitness,
health, habits (Sazonov et al., 2014). The field of
occupational risk assessment is no stranger to this
technological innovation. There are some initiatives
for risk assessment in the workplace using wearable
technology (Peppoloni, 2016, Kim, 2013).

In regard to hand-arm vibration exposure, many
workers are exposed to vibration during their work,
for example: when using vibrating hand tools,
mobile and stationary machinery or when driving
heavy vehicles. Exposure to hand-arm vibration is
a major cause of occupational diseases like mus-
culoskeletal disorders, neurological disorders, vas-
cular diseases and muscle disorders that manifest
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as pain, numbness, stiffness and decreased muscle
strength (South, 2013). There is a specific Euro-
pean (Directive 2002/44/EC), as well as a catalog
of technical standards about mechanical vibra-
tions and evaluation methods. The technical proce-
dures for the measurement of the magnitude and
exposure to hand-arm vibrations are defined in
ISO 5349 Standard parts 1 and 2.

The performance specifications and tolerance
limits for instruments designed to measure human
vibration exposure values are described in the
ISO 8041: 2006 Standard. The vibration range of
the signal affecting the hand-arm system is from
5.6 Hz to 1400 Hz, the amplitude range must be
at least 60 dB and linearity error amplitude should
not exceed 6% of the input value including the
transducer and the analyzer.

The vibration exposure risk assessments are usu-
ally made from taking discrete time measurements,
this evaluation method attempt to be representa-
tive of the worker exposure during an operation
or a work cycle.

The risk assessments can also be performed using
the manufacturer’s declared vibration emission val-
ues from databases. This may be useful to help make
an estimate of daily exposure and an assessment of
risk (EU 2006). Although the practical advantages
of using these values, it’s suspected that the vibration
values are underestimated. In different studies it has
been detected that the measurements made following
the procedures defined in ISO 5349 standards show
great variability with the values declared by the man-
ufacturers of machines and tools (Moschioni et al.,
2011). The main reason for this variability could be



based on the wide range of tools presents at the
work place and the difference on machines used in
various tasks. This imply inaccurate the risk assess-
ment and difficulties for the comparison between
measurements and the limits established by law.

Therefore, the risk assessment will be more accu-
rate when it be performed with real measurements
and take into account the factors that are influenc-
ing in the uncertainty of measurement such as the
accelerometer characteristics, fixing methods and
time exposure. (Ainsa et al., 2011).

In order to solve the found problems and improve
the vibration risk assessing procedures is possible
to use wearable technology (smartwatches) for risk
assessment, exploiting the advantages of the smart
devices instead the traditional vibration measure-
ment systems.

There are some previous experiences where spe-
cific solutions have been developed for the vibration
assessment in the workplace using low-cost acceler-
ometers called MEMS that are integrated in smart
devices or autonomously in a custom made device.

In (Tarabini et al., 2012) the advantages and dis-
advantages of the use of MEMS accelerometers
for vibration measurement of hand-arm and whole
body were evaluated. This approach presents a via-
ble solution to carry out continuous and repeatable
measurements for evaluation and occupational risk
prevention.

In the case of vibrations transmitted to the
hand-arm system, there are some experiences in
the development of compact analysis devices with
MEMS sensors (Aiello et al., 2014, Morello, 2010).
These studies confirmed that the MEMS are a
mature technology for the development of inex-
pensive devices for measuring vibration that can
be fastened to clothing or worker equipment, even
considering the limitations in the sampling rate
imposed by the test devices.

In (Austad et al., 2013) a commercial wearable
sensor module (IsenseU) was placed over the hand,
showing that this kind of devices present adequate
characteristics to perform vibration assessment
and also presents useful algorithms to calculate the
daily exposure. Similar results have been found in
(Bo et al., 2013) where a smartphone was placed
over the hand, demonstrating that this technology
can be used to perform initial assessments or with
educational or training purposes.

Until now, there are no evidences of the use of
commercial smartwatches for the evaluation of
exposure to vibrations in the workplace. However,
this kind of device presents great potential to be
used in occupational risk assessments for its afford-
able price, portability, autonomy and wireless con-
nectivity (Wolfgang et al., 2014a, Rawassizadeh
et al., 2015). The aim of this paper is to assess the
possibilities offered by wearable technology for
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occupational risk assessment and specifically the
use of smartwatches for hand-arm vibration expo-
sure assessment by mean laboratory tests.

2 MATERIALS AND METHODS

In order to assess the usefulness if this kind of
technology for vibration assessments, several tests
must be done. These tests are based on frequency
response, amplitude, linearity and others like back-
ground noise or over-load. Tests must be made to
the device analyzers, including the accelerometers.
To assess the accuracy of a smartwatch as a meas-
uring device for hand-arm vibrations, a vibration
measurement system based on a commercial smart-
watch with Android platform was developed.

Although the technical specifications of MEMS
accelerometers allow sampling rates up to 1 kHz
and dynamic ranges of 12, +4 and £8 g; these are
limited by the operating system and the sensor
driver to reduce power consumption and increase
the battery life. Actually these kinds of devices are
usually set to work in a range of +2 g and a maxi-
mum sample rate of 200 Hz.

Similar limitations or even higher have been
found in other mobile operating systems like iOS
(Wolfgang et al., 2014b), therefore, Android sys-
tem may be suitable for programming applications
for vibration assessment.

The test device used was a Sony 3 (SWR50) smart-
watch with a Bosch sensor (BMX055), with factory
default configuration to perform at a maximum sam-
pling rate of 250 Hz and a dynamic range of +2 g.

2.1 Methodology followed to verify the smartwatch

characteristics for vibration assessment

— Development of an smartwatch based system

for hand arm exposure assessment:
The scheme of Figure 1 was used to implement a
measurement system following the guidelines of
the ISO 5349-1:2001 standard. The system cal-
culates the vector sum of the frequency weighted
acceleration a,, and the value of exposure to vibra-
tion A(8).

An Android application was developed to cap-
ture and save the raw accelerometer tri-axial data,
and then the acceleration data were processed with
a computer to get the measurements values.

— Test bench:

The evaluation of the frequency response and linear-
ity was performed using a vibration analysis system,
composed by a PULSE 7537 B & K data acquisition
system connected to a LDS PA 100E power ampli-
fier and a LDS V406 CE M4 vibration shaker.

To compare results obtained with the smart-
watch a portable vibration analyzer SV106 Svantek
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Figure 1. Measuring system according ISO 5349
Standard.

with an accelerometer Dytran 3023M2 was used as
reference.

— Adjustment and Calibration:

The smartwatch has a factory calibrated tri-axial
accelerometer, however, several tests were made
to verify its accuracy and variability in capturing
vibrations. To perform the tests a calibration signal
of 12.5 Hz with an RMS amplitude of 10 m/s> was
used as reference. Then the vibration was applied
to the smartwatch in order to find a sensitivity fac-
tor that was used in the developed application.

Tests performed:

— Evaluation of frequency and amplitude (Labo-
ratory test).

The test made for evaluating the response of the
system developed was performed using the shaker
vibrations fed by sinusoidal signals at octave inter-
vals. The reference accelerometer and the smart-
watch were coupled simultaneously on the shaker
vibrating surface (Figures 2 and 3), and then 10
a,, measurements were made at each analysis point
(level and frequency), the used frequencies were
6.3, 12.5, 25, 50 y 100 Hz considering the maxi-
mum sample rate of the smartwatch, the signal
level was gradually increased by 200 mVy,, from
the signal generator until get the saturation values
in the smartwatch accelerometer.

— Evaluation of the analysis system using a com-

mon use machine (Outdoor test).

To verify the functionality of the device a simu-
lated test was made using a hand drill, measuring
simultaneously the weighted acceleration a,, with
the reference vibrometer and the smartwatch. To
perform this experiment, an electric drill (Inhell
Mark, model BSM 550) was used to make several
drills in different materials using different drill sizes
for a time at least 1 minute (Figure 4).
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Signal generator

Power amplifier

Smartwatch
analizer

Reference
vibrometer

- Comparison
ap, (ref)

Figure 2. Block diagram of the simultaneous evalua-
tion of vibration system.

Figure 3. Simultaneous evaluation of system using a
vibration Shaker.

Figure 4. Simultaneous test using a common electric
drill machine.

3 RESULTS

— Frequency and amplitude results (Lab. test).

The results from laboratory test (Table 1) show
that the differences between a,, measurements
made with the two devices are small when the
acceleration amplitudes are low, but they increase
at high amplitude vibration levels especially in the



frequencies of 50 and 100 Hz. The amplitude and
frequency analysis is performed only for the first
octave bands due to the limitations imposed by the
operating system with respect to the sensor’s sam-
ple rate, that don’t allow to perform measurements
at frequencies above 125 Hz.
— Common drill machine results (Outdoor test).
The results of the outdoor test show a similar
behavior to the laboratory test, showing small dif-
ferences for low amplitude levels that increase when
reaching the signal saturation (Figure 5). It can be
observed that in some points there is a higher dif-
ference between the measurements of the devices,
these errors are produced mainly by the variability
of the sample rate and the fitting to the hand drill.
With the current configuration the device has
limitations to be used as a precision instrument,
mainly due to the limitation of the sampling rate
(Fs = 250 Hz) and the dynamic range (£2 g) in
which the sensors of smart devices are set during
manufacturing.

Table 1. Differences between the a,, (m/s?) means from
the smartwatch and the reference vibrometer.

Frequency
Amplitude 6.3 12.5 25 50 100
200 0.005 0.006 0.029 -0.067 0.291
400 -0.001 0.004 0.034 -0.153 2.405
600 —0.003  0.003  0.058 0.992  4.431
800 —0.007 0.000 0.066 -5844 3.647
1000 -0.005 0.050 0.205 5.387  3.122

Aceleration ahv

reference m/s?

smartwatch m/s?

Figure 5. Comparison of the measurements made with
the smartwatch and the reference vibrometer placed on
the hand drill.
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The results show that the developed vibration
analysis system is suitable for evaluation of low-
power vibrating machinery with low a, -weighted
acceleration levels, the best results are obtained in
low-frequency test signals.

This situation can improve in the near future
when smart consumer devices get higher per-
formance in their sensors, associated electron-
ics or in the Programming Interfaces (APIs).
Allowing developers modify these parameters
to achieve the required levels of accuracy. For
example, in the current market, there are high-
end smartphones with sensors configured to
operate in ranges of +8 g and sampling rates
from 200 to 250 Hz.

4 CONCLUSIONS

The use of the system developed in this study or
similar devices even considering their technical
limitations, presents considerable advantages as:

— The possibility of performing long temporal
assessment, with the possibility of monitoring
worker exposure on a continuous throughout
the entire working day in order to reduce the
uncertainties associated with the measurement
(magnitude and time).

The cost reduction by using devices and sen-
sors with relatively low prices compared to the
specific vibration measurement equipment. The
costs have been characterized as an entry barrier
for the evaluation of workplace vibrations.
Identification of specific risks related with
machinery, tools and vehicles with high vibra-
tion magnitude.

Develop a safety culture and education of work-
ers, company, managers, etc.

And allows to comply with the principle of not
increasing or causing new risks because their
ease of use, portability, wireless connectivity and
autonomy.

At present, this kind of devices are less precise
than professional equipment, however these tech-
nologies will be more accurate in the near future.
Nowadays these devices could be used to obtain bet-
ter representativeness of the exposure levels be-cause
they can be worn during the entire working day.

ACKNOWLEDGEMENTS

This work has been carried out within “Beca de
I+D 2016 de la Fundacion Prevent” (Prevent Foun-
dation R & D Scholarship 2016). The authors
gratefully acknowledge the Fundacion Prevent
their financial support.



REFERENCES

Aiello, G., La Scalia, G., Vallone, M., Catania, P, &
Venticinque, M. 2012. Real time assessment of hand-
arm vibration system based on capacitive MEMS
accelerometers. Computers and Electronics in Agricul-
ture, 85, 45-52.

Ainsa, 1., Gonzalez, D., Lizaranzu, M., & Bernad, C.
2011. Experimental evaluation of uncertainty in hand—

arm vibration measurements. International Journal of

Industrial Ergonomics, 41(2), 167-179.

Austad, H. O., Reed, M. H., Liverud, A. E., Dalgard, S.,
& Seeberg, T. M. 2013. Hand-arm vibration exposure
monitoring with wearable sensor module. Studies in
Health Technology and Informatics, 189, 113.

De Meester, M., De Muynck, W., De Bacquer, D.,
De Loof, P., & Vanhoorne, M. 1998. Reproducibility
and value of hand-arm vibration measurement using
the ISO 5349, method and compared to a recently
developed method. Proceedings of the Eight Interna-
tional Conference on Hand-Arm Vibration, 11-13.

EU Good Practice Guide HAV. Guide to good practice
on Hand-Arm Vibration Non-binding guide to good
practice with a view to implementation of Direc-
tive 2002/44/EC on the minimum health and safety
requirements regarding the exposure of workers to the
risks arising from physical agents (vibrations). 2006.

ISO 5349-1:2001 Mechanical Vibration-Measurement
and evaluation of human exposure to hand-transmitted
vibration-Part 1: General requirements.

ISO 5349-2:2002 Mechanical Vibration-Measurement
and evaluation of human exposure to hand-transmitted
vibration-Part 2: Practical guidance for measurement
at the work place.

ISO 8041:2005 Human response to vibration-measuring
instrumentation.

Kim, S., & Nussbaum, M. 2013. Performance evalua-
tion of a wearable inertial motion capture system for
capturing physical exposures during manual material
handling tasks. Ergonomics, 56(2), 314-326.

Liu, B., & Koc, A. B. 2013. Hand-arm vibration meas-
urements and analysis using smartphones. 2013 Kan-
sas City, Missouri, July 21-July 24, 2013, 1.

Morello, R., De Capua, C., & Meduri, A. 2010. A wire-
less measurement system for estimation of human
exposure to vibration during the use of handheld

69

percussion machines. /EEE Transactions on Instru-
mentation and Measurement, 59(10), 2513-2521.

Moschioni, G., Saggin, B., & Tarabini, M. 2011. Predic-
tion of data variability in hand-arm vibration meas-
urements. Measurement, 44(9), 1679-1690.

Page, T. 2015. A forecast of the adoption of wearable
technology. International Journal of Technology Diffu-
sion, 6(2), 12-29.

Peppoloni, L., Filippeschi, A., Ruffaldi, E., & Avizzano, C.
2016. (WMSDs issue) A novel wearable system for the
online assessment of risk for biomechanical load in
repetitive efforts. International Journal of Industrial
Ergonomics, 52, 1-11.

Rawassizadeh, R., Price, B., & Petre, M. 2015. Wearables:
Has the age of smartwatches finally arrived? NEW
YORK: ACM.

Rimell, A.N., Notini, L., Mansfield, N. J., & Edwards, D. J.
(2008). Variation between manufacturers’ declared
vibration emission values and those measured under
simulated workplace conditions for a range of hand-
held power tools typically found in the construction
industry. International Journal of Industrial Ergonom-
ics, 38(9), 661-675.

Ronchi, A. The Role of Wearable Technology in Risk
Reduction. Construction Executive Risk Management.
12/7/2016. On line: https://enewsletters.construc-
tionexec.com/riskmanagement/2016/07/the-role-of-
wearable-technology-in-risk-reduction/.

Sazonov, E., Neuman, M.R., & Books 24 x 7, 1. 2014.
Wearable sensors: Fundamentals, implementation and
applications. Amsterdam: AP, Academic Press is an
imprint of Elsevier.

South, T. 2013. Managing noise and vibration at work
Routledge.

Tarabini,M.,Saggin, B.,Scaccabarozzi, D.,&Moschioni, G.
2012. The potential of micro-electro-mechanical accel-
erometers in human vibration measurements. Journal
of Sound and Vibration, 331(2), 487-499.

Wolfgang, R., & Burgess-Limerick, R. 2014a. Using
consumer electronic devices to estimate whole-body
vibration exposure. Journal of Occupational and Envi-
ronmental Hygiene, 11(6), D77-D81.

Wolfgang, R., Di Corleto, L., & Burgess-Limerick, R.
2014b. Can an iPod touch be used to assess whole-
body vibration associated with mining equipment?
Annals of Occupational Hygiene, 58(9), 1200-1204.


https://enewsletters.construc-tionexec.com/riskmanagement/2016/07/the-role-of-wearable-technology-in-risk-reduction/
https://enewsletters.construc-tionexec.com/riskmanagement/2016/07/the-role-of-wearable-technology-in-risk-reduction/
https://enewsletters.construc-tionexec.com/riskmanagement/2016/07/the-role-of-wearable-technology-in-risk-reduction/

Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


http://taylorandfrancis.com

Occupational Safety and Hygiene V — Arezes et al. (Eds)
© 2017 Taylor & Francis Group, London, ISBN 978-1-138-05761-6

Accompanied method risk management and evaluation method of

exposure risks to biological agents

R. Veiga, 1. Miguel & C. Pires

ISLA—Institute of Management and Administration of Santarém, Santarém, Portugal

ABSTRACT: The presence of biological agents in the workplace may result in hazardous situations for
workers. The present study was carried out in the microbiology laboratory of a Medical School and the
methodology was based on the qualitative method presented in the Technical Note of Spanish Prevention
(NTP 833) and the Accompanied Method of Biological Risk Management (MAGRB).

It was concluded that the MAGRB allows to distinguish and prioritize the risk associated to the differ-
ent operations as a whole, taking into account safety conditions and practices, if evaluation parameters
defined in the legislation of biological agents are met, something that the International method (NTP 833)
does not allow doing so effectively. As the focus of worker protection, the MAGR B provides the necessary
guidelines to trigger a prevention structure in all activities likely to be exposed to biological agents.

1 INTRODUCTION

Biological agents are living beings of microscopic
dimensions, and all substances derived from them
can have negative effects on the worker’s health.
The major difference between biological agents and
other dangerous substances is their reproduction
capacity, since under favorable conditions they can
develop in a short Amount of Time (ACT, 2008).
These micro-organisms can originate any type of
infection, allergy or toxicity in the human body.
Their presence in workplaces may result in risk
situations for workers (Pinto, 2016).

The work involving exposure to biological agents
can occur in a variety of situations and activities
(Novas, 2008), (Perez, Mena, Watson, Prater, &
Mclntyre, 2015). Since microorganisms are ubiq-
uitous in the environment, exposure to biological
agents in various contexts is inevitable, implying very
different risk situations and characterized in some
cases by great specificity (Health, 2004) (Gershon,
Pogorzelska, Qureshi, & Sherman), (Singh, 2016),
(Ulutasdemir, Cirpan, Copur, & Tanir, 2015).

In Portugal the Law-Decree N°. 84/97, 16th
April, regulates the protection of workers against
the risks of exposure to biological agents at work
by classifying the biological agents into four groups
according to the level of infectious risk: Group
1—Low probability of causing illness, Group
2—Can cause disease and constitute a danger,
Group 3—Can cause serious illness and constitute
a serious risk, Group 4—Cause serious illness and
constitute a serious risk (Law-Decree N°. 84/97).
In the course of their duties, some workers are
exposed to a number of living micro-organisms
(viruses, bacteria, etc.) and to substances or struc-
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tures that are originated from them. The activities
with higher risk of exposure to biological agents
are: work in food and agricultural production
units; Activities in which there is contact with
animals and products of animal origin; Work in
health facilities, including isolation and autopsy
units; Clinical and veterinary laboratories, collec-
tion, transport and waste disposal units, water and
wastewater treatment facilities (Freitas, 2011).

The protection of workers is basically centered
on the assessment of exposure risks, where the
features of the involved agents in the activity are
considered, the suitability of facilities, equipment
and work practices (Nunes, 2010), (Romero, 2006),
(Pinto, 2016).

Biological risk assessment is a challenge
(Nacher, Alapont, Sales, & Ferrando, 2006), (Moore,
et al., 2010) in first place regarding the diversity of
agents and secondly because the limits of occupa-
tional exposure (VLE) for the great majority of
these agents have not been defined. Pathogenic
micro-organisms may be hazardous in extremely
low concentrations (Larson & Aiello, 2006), and
are invisible to the naked eye. “It is imperative to
be aware that a risk assessment of biological agents
should be carried out on the basis of the uniqueness
concerning each case” (Teixeira, 2015). According
to the World Health Organization (WHO) and
the National Institute of Occupational Safety and
Health—Spain (INSHT) the measurement of bio-
logical agents is not an essential element but rather
its identification and assessment. The main rea-
sons for non-measurement are: lack of confidence
in the results, due to the great variability of pro-
fessional activities; the high cost, time and money
involved in the analysis, in particular the complete



and accurate identification of biological agents in
the work environment; the lack, to date, of a stand-
ardization regarding the exposure limit values for
biological agents (OMS, 2004), (INSHT, 2014).

In Spain the Royal Decree N°. 664/1997 regulates
the protection of workers who are exposed to bio-
logical hazards in the workplace and the NTP 8§33
outlines the procedures for risk assessment, by defin-
ing exposure levels and preventive measures associ-
ated with potential risk levels (Trabajo, 2009). The
Accompanied Method of Biological Risk Manage-
ment (MAGRB) intends to assess, in accordance
with Portuguese legal requirements, the risks of
exposure to biological agents. Biological agents are
identified and classified according to Decree-Law
84/97 and the method allows determining the level
of risk to which workers are exposed after defining
the potential intrinsic and residual risk. The calcula-
tion of the intrinsic potential risk is based on two
essential variables, the level of exposure (contact
frequency, amount handled and production of bio
aerosols) and the damage or effect (risk to workers,
propagation in the community and existence or not
of prophylaxis means) for a worker exposed to the
biological agent. The residual risk that we can find
in a facility is calculated from intrinsic potential
risk, but it takes into account the already controlled
risk through the different prevention and protection
measures that exist. The value attributed to preven-
tion and protection measures is obtained after the
Organization has been audited, applying a checklist
drawn up after the basis of Decree-Law 84/97, which
quantifies percentile the level of compliance. In the
end, the risk level allows to launch intervention pri-
orities by establishing four levels of significant risks
and one non-significant risk. These levels have been
established as a progressive requirement and do not
tolerate any deviation in the conformity procedures,
facilities and containment from exposure to biologi-
cal agents of groups 2, 3 and 4.

2 OBJECTIVES

Facing the difficulty of finding in Portugal, an
evaluation method, which compared with the NTP
833 method complies legal requirements, the main
goal in conducting this study on the management
and evaluation of occupational risks in exposure to
biological agents in the laboratory of microbiology
was defined.

The following specific objectives have been
defined:

Ist Assess the risks with the simplified method
(NTP 833);

2nd Assess risks using MAGRB;

3rd Verify that the methods used are in accord-
ance with the legislation for biological agents;
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4th Compare results of the evaluations obtained
with both methods when evaluating safe and unsafe
work practices that distinguishable according to
the risks of exposure to biological agents.

3 METHODOLOGY

The study was carried out in a Medical School’s
microbiology laboratory, where the accomplish-
ment of three tasks that involved the manipula-
tion of biological agents and was developed were
observed according to the in the following stages:

Ist Stage—Laboratory and laboratory practices
audit.

In order to carry out the laboratory and labo-
ratory practices audit, a checklist was used on an
excel spreadsheet, which allowed us to quantify the
degree of conformity obtained.

This file makes it possible to analyze, for each of
the tasks, the degree of conformity of the Group
II, IIT and 1V confinement measures, the individ-
ual protection measures used, the organization of
SHW services, Safety at Work Handling, handling
and disposal of hazardous wastes and fire safety in
accordance with current legislation.

2nd Stage—Risk assessment according to the sim-
plified method presented in NTP 833, which was done
in a document prepared on an excel spreadsheet.

3rd Stage—Since the obtained result in the first
two stages and considering the simplified method
as insufficient, by only providing us with a qualita-
tive evaluation, the MAGRB was developed. The
method was based on NTP 833 and was developed
through an excel document in order to identify and
evaluate biological agents, addressing the case study
to activities in which there is a deliberate inten-
tion to work with biological agents. Through the
identification of hazards that may represent these
agents and the possibility of exposure to them, it
is intended to establish potential risk levels action
priorities, magnitude and degree of requirement in
the fulfillment of associated preventive actions.

The MAGRB presents as a differentiating
parameter the calculation of the residual risk level.
The residual risk is the risk that remains after the
introduced mitigation by the control measures
(prevention and protection) and is based on the
value resulting the facility audit.

In the case study, the manipulation process
started with receipt of a master sample confined
to a maximum of four agents. In this sample there
was a randomness of agents, i.e., which agents
were present was unknown, only that these agents
belonged to Group II was informed, and since they
are the type of agents with which the laboratory in
question works. For the study the data presented in
Table 1 was collected.



Table 1. Data collection of the three tasks performed in
the microbiology laboratory.

Table 2. Data collection in the three tasks performed in
the microbiology laboratory.

Tasks
Work in
Analyzed Reception of safety Sample
parameter the sample  chamber freezing
Group Agent 11 I I
Production of High but Scarce Scarce
bio aerosols  sporadic
Contact 15% 70% 15%
frequency Working Working Working
time time time
Handled Average Average Average
Number
Operators 1 Man 1 Man 1 Man
2 Women 2 Women 2 Women
4 RESULTS

In the first phase, the level of compliance was cal-
culated, according to the existing conditions, value
of the controlled risk (risk eliminated by the pre-
ventive measures and confinement), Table 2.

In the sample receiving task, the audit deter-
mines the lowest compliance level (5%), in biologi-
cal safety chamber was obtained the highest level
(96%) and sample freezing (82%).

In the second phase, we performed the biological
risk assessment using the simplified method pre-
sented by the Spanish Technical Note NTP 833.

The identified biological agents (bacteria) are all
classified in risk group II. The amount handled is
normal in all cases, while there are differences in
contact frequency and bio aerosol production. The
evaluation allowed to classify in level III of poten-
tial risk—high risk, all the agents in the three tasks,
independently of the verified level of conformity,
through the application of a Checklist, in the labo-
ratory and laboratory practices.

In the third phase, applying the same data used in
the simplified method, but taking into account the
conformity value obtained in the audit, and with the
method accompanied by biological risk management
different results were obtained. The classification of
the level of potential residual risk is different and
presents in two tasks level IV - severe and imminent.

It was found that the simplified method NTP 8§33
did not identify the evaluation parameters provided
for in Articles 6 and 7 of Decree-Law N° 84/97 of
April 16th presented in the Portuguese Law, such
as supplementary risk for previous illness, the
recommendations of the Directorate-General for
Health, technical information on related diseases
and awareness of the disease in a worker. On the
other hand, MIAGRB has identified all the evalua-
tion parameters provided for in that legislation.
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Level of compliance

Task achieved (%)
Reception of the sample 5
Work in biological 96
safety chamber
Sample freezing 82

When comparing the results of the evaluations
obtained with the two methods, in addition to the
presented results being more accurate with the
accompanied method, this allowed us to identify
some more elements, namely:

— Description of the activity;

— Identification of the most vulnerable workers
and risky or forbidden activities;

— Identification and characterization of the bio-
logical agent;

— Means and ways
transmission;

— Symptoms according to the identified biological
agent;

— Specific prevention measures by contaminant
agent;

— General prevention measures of the biological
risk factor;

— Confinement measures according to the identi-
fied risk group;

— Hygiene measures and individual protection;

— Training and promotion of workers' health;

— Applicable legislation.

of contamination or

5 CONCLUSIONS

It is concluded, therefore, that the process of risk
assessment is a real challenge, according to Nacher,
Alapont, Sales, and Ferrando (2006) and Moore,
etal. (2010). The present methodology for assessing
the risk of exposure to biological agents (MAGRB)
allows a distinction and hierarchize the risk associ-
ated with the different operations under study, tak-
ing into account safety conditions and practices,
complying Evaluation parameters defined in the
legislation of biological agents, something that the
international method (NTP 833) of INSHT does
not allow to do effectively.

This evaluation method, the focus is on the pro-
tection of workers, the MAGRB after identifying
and characterizing the biological agent also iden-
tifies the means and forms of contamination and
transmission, symptomatology, prevention, con-
finement and protection measures, providing the
necessary guidelines to trigger a prevention struc-
ture in all biologically risky activities.



It complies with all the evaluation parameters
required by Portuguese legislation for biological
agents.

It allows to differentiate the level of risk between
the different groups of biological agents, and to
distinguish between the same four levels’ group
taking into account greater or less mitigation of
risk by the control measures.

It is very useful to use quantitative verification
lists, which allow the residual level of risk to be
calculated after the degree of conformity of the
procedures, installations and level of obtained
containment, as a way of proving the greater or
lesser degree level of mitigation of the prevention
measures, in the value of the intrinsic risk.

One of the steps to be taken into account during
risk assessment is to evaluate the obtained results,
for which we need to sustain it with reference limits
or valuation criteria. It turns out that the assess-
ment criteria (VLE—Limit Values of Exposure)
for biological agents are not yet established by
standard or legislation, in part because of the huge
difficulty to obtain them against the characteristics
of the biological agents. Indeed:

— They are capable of reproducing in a certain
environment and under suitable conditions;

— They can acquire forms of resistance (spores)
that allow them to survive in adverse environ-
ments over long periods of time;

— They show differences in the degree of virulence;

— They exhibit differences in the immune system
response of affected organisms.

The MAGREB does not allow, nor is its objec-
tive to be able to answer all the questions that are
raised to the technicians, namely in the scope con-
sidered in the previous point.

It does not answer yet another very important ques-
tion, namely how to evaluate the cumulative effects of
the presence of numerous agents in the same work-
ing environment and the reaction of the organism
affected to these agents, facing the multiple attack to
which the subject's immune system is subjected.
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The importance of Workplace Gymnastics and of the Rehydrating
Serum to the health of the rural sugarcane worker
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ABSTRACT: Acknowledging in the manual cut of sugarcane an exhaustive undertaking, daily demand-
ing energy comparable to that of high-performance athletes and considering complaints and absentee-
ism to have a causal link with illnesses reported by workers, this paper seeks to evaluate two measures to
improve health and safety conditions of rural sugarcane workers, at a sugar-alcohol unit in the countryside
of the state of Pernambuco: the practice of Workplace Gymnastics and the use of Rehydrating Serum.
Using as methodological bases the theoretical and scientific surveying on the subject, implementation of
these measures at the sampled station, together with results reached in three crops, through monitoring
the number of ambulatory occurrences and a feedback poll from workers. By checking the results, it is
possible to verify the effectiveness of Workplace Gymnastics and of the Rehydrating Serum on improving
the health and safety of sugarcane workers, mainly for two of the five illnesses analysed.

1 INTRODUCTION

To the Ministry of Agriculture, the branch of agri-
business is deemed as one of the activities which
generate a bigger impact in the country’s economic
development. However, on those terms, working
conditions demand a greater physical effort and,
consequently, generate a greater propensity to risks
of accidents (Monteiro e Gongalves, 2010). The job
undertaken by the sugarcane workers is considered
to be very hard, for besides the exhausting working
hours, it also exposes the worker to all sorts of ail-
ments due to it taking place outdoors under the sun,
with suits and protective equipment which result in
the worker sweating much, therefore losing water and
minerals essential to maintaining a good health, also
leading the individual to dehydration (Alves, 2008).
Maintaining that routine for years and at intense
rates, the body reaches a physical straining point
with the emergence of pains and back problems
(Menezes e Silva, 2010). Losses of water to the figure
of 5% compared to body weight are associated with
the reduction of physical capacity in 30%, and, if it
goes above this mark, the risk of circulatory collapse
becomes imminent, which can lead to hypothermia
and death (Tirapegui, 2005). Thus, the athlete or
manual labourer must ingest liquids before, during
and after physical activity, in order to balance out
the loss of water arising from excessive sweating.

1.1

Studies focus on comparing manual workers’ pro-
ductivity with elevated spending of energy and their
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nutritional condition. Researches dating from the
70’s indicated that sugarcane workers’ productivity
was directly associated to height, quantity of lean
body mass and body fat and, still, to monotonous
nutritional habits. The latter has been singled out as
the limiting factor in the ingestion of calories and
adequate nutrients to supply the minimum needs
capable of favoring its recovery and maintaining the
organism’s nutritional condition when working in
the sugarcane cutting labour (Silva Neta, 2009.

In sugarcane workers of the sampled plant, it
was possible to verify the frequent occurrence of
five illnesses generated from the undertaking of
the work which could be avoided or attenuated
through the practice of Workplace Gymnastics
and by the use of the Rehydrating Serum, as sug-
gested by authors Polito and Bergamashi (2010)
and Tirapegui (2005) about good practices while
working on activities demanding intense physical
exertion. Researching on CID 10 (Cédigo Interna-
cional de Doenga\ICD—International Classifica-
tion of Diseases) about the complaints highlighted
by workers, it was possible to find the following
descriptions: CID M54.5 — Lombalgy or Back-
ache, which is a group of painful manifestations
taking place around the lumbar region stemming
from some abnormality in that region; CID J11.1
— Flu, which is an acute infectious disease which
affects birds and mammals; CID R51 — Cephalea
or Migraine, which are medical terms for head-
ache; CID M79.1 — Myalgia, which is a term used
to characterize muscle pains in any part of the
body; CID R25.2 — Cramps, which are involuntary
and painful contractions of a skeletal muscle.



By the finding of these complaints over the years
and acknowledging the hardships in implanting
improvements in working conditions in the sugar-
cane cutting industry, this paper aims to evaluate
the implementation of good labour practices.

1.2 Objectives

The adoption of healthier habits brings con-
sequences to health in general, not just from a
physical standpoint. Investments in prevention
and promotion of health in the workplace have
direct results in the workers’ satisfaction and
wellbeing, besides bringing benefits concerning
the attenuation of pains and preventing occupa-
tional illnesses. Thus, this paper seeks to evalu-
ate the effects of Workplace Gymnastics and of
the Rehydrating Serum in the sugarcane worker’s
health at an agricultural-industrial complex in the
Mata Sul region of the state of Pernambuco.

For such, it is proposed the undertaking of a bib-
liographical research on the subject relating it to the
legislation concerning safety and health in the work-
place; implementing the practices of Workplace
Gymnastics and the Rehydrating Serum at a sugar-
cane processing plant in the state of Pernambuco\
Brazil; to survey for complaints and occurrences of
illnesses related to the activities being studied; to
survey in order to find out the satisfaction rates of
workers concerning Workplace Gymnastics and the
Rehydrating Serum, as well as drawing conclusions
on the importance of these two practices..

2 BIBLIOGRAPHICAL REVIEW

2.1

Workplace Gymnastics highlight the importance
of postural re-education and relieves the stress
related to the method of work, as an instrument to
promote health and prevention of diseases of the
“LER” (Repetitive Effort Injuries) and “DORT”
(Work-Related Musculoskeletal Disorders) types.

It is a group of practices based around the par-
ticular professional activity. The technique seeks to
compensate the structures of the body which are
utilized the most and activate the ones less needed,
relaxing and toning them.

Said practices are comprised of sessions of edu-
cative physical exercises like stretching, breathing,
postural re-education, body control, body percep-
tion, strengthening of unused structures and com-
pensation of the muscular groups involved in the
operational tasks, respecting each collaborator’s
physiological limits and clothing.

The ideal duration of the sessions varies
between 10 to 15 minutes daily in order to reach
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significant results in the musculature (flexibility
and strength).

2.2 Rehydrating Serum

Hard, energy-draining work under elevated tem-
peratures and bad nutrition are factors which affect
the health of sugarcane workers, leading them to
physical exhaustion after a day’s work, contribut-
ing to episodes of cramps and muscle pains which
undermine their performance at work and, conse-
quently, their monthly wage, which is directly pro-
portional to their productivity.

Fatigue caused by intense labour is accompanied
by excessive sweat and the loss of electrolytes like
sodium, potassium and magnesium. Under such
conditions there is still a drop in blood pressure, an
increase in the heart rate and progressive hypovo-
lemia followed by dehydration (Nadel, 1998).

The Rehydrating Serum, asit is called in “Compro-
misso Nacional”, a program by the Brazilian govern-
ment, is denominated by ANVISA, decree number
222 from March 24th of 1998, as Hydroelectrolythic
Replacer and defined as being made of “products
formulated through a varied concentration of elec-
trolytes, associated to varied concentration of car-
bohydrates, seeking to replace the loss of water and
electrolytes occurring from physical activity”.

Hydroelectrolythic replacers are products for-
mulated with the goal of replacing the loss of water
and electrolytes from physical activity, being widely
used both by athletes and practitioners of intense
physical activities; it’s a product that must contain
in its formulation varied concentrations of sodium,
chlorides and carbohydrates, with an optional addi-
tion of potassium, vitamins or minerals.

Beyond the nutrients allowed by ANVISA in its
formula, it’s common that some manufacturers,
based on undertaking that demand a higher need
for some micronutrients by the athletes, under alle-
gations that such nutrients would help both the
performance and the recovery of their users.

Considering that sugarcane workers are submit-
ted to a physical activity compared to that of high-
performance athletes, it is essential to ingest water
and substances that guarantee the balanced replace-
ment of liquids, salts and vitamins consumed by
the intense physical activity. The increased inges-
tion of products aimed at practitioners of physical
activity, in substitution of liquid foods such as milk,
water, juice, etc., and the need or precise orienta-
tion on the nutritional supplementation of people
who practice physical activities made the Minis-
try of Health publish specific regulation which
define the criteria for “Food of Practitioners of
Physical Activity”, among them hydroelectrolythic
replacers. And the composition is also regu-
lated based on Resolution RDC n°269, dated



September 22nd of 2005 from ANVISA, which
establishes the levels of protein, vitamins, salts and
others for daily ingestion, for adults.

3 METHODOLOGY

To attest the importance of the effects of Workplace
Gymnastics and the use of the Rehydrating Serum
in sugarcane workers, this paper monitored the
implementation of these practices (as per items 3.1
and 3.2) in a plant located at the Mata Sul region
of the state of Pernambuco. For that, it was helped
by professionals of the sector, and instructions
acquired at other unit, situated in the countryside
of the state of Alagoas, which was already using
these practices. A bibliographic research was made
to substantiate the subject and a survey took place
to analyse the results from the two plants in the fol-
lowing fashion: at the unit from Alagoas, the sur-
vey of collected data, during four crops, was based
on complaints of lumbar pains reported by sug-
arcane workers; to evaluate the benefits of Work-
place Gymnastics and of the Rehydrating Serum
in the activity of sugarcane cutting at the plant in
Pernambuco, it was analyzed the quantity of sick
notes from the five illnesses that can be avoided
or attenuated by these practices during the crops
of 2011\2012, 2012\2013 and 2013\2014, precisely
on the months of September to March, extracted
from the registries of ambulatory occurrences.
It was also surveyed the opinions of 165 workers
benefited with the adoption of these programs, in
direct interviews, aiming to objectively ask about
satisfaction, indifference and dissatisfaction con-
cerning the practices of Workplace Gymnastics
and the use of the Rehydrating Serum.

3.1 The implementation of the practice of Workplace

Gymnastics in the company under study

In the crop 2011\2012, the plant adopted this prac-
tice in conformity with the following steps:

1. Hiring of a Physical Education Professional
(teacher).

Definition of the movements to be practices by the
workers based on the activities to be conducted by
labour during working hours, as per chart 1.
Elaboration of leaflets focused on guidance,
showcasing pictures of the movements to be
practiced during Workplace Gymnastics.
Raising awareness and training rural team
leaders so they can become daily monitors of
Workplace Gymnastics.

Lectures with the rural teams, one by one, in
classrooms, to introduce Workplace Gym-
nastics; what is it, what improvements does it
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generate, operating plan, and the need of col-
laboration on the worker’s part.

6. Establishing the schedule to begin practicing
Workplace Gymnastics.

7. Inaugural class for each team, with the obliga-
tory presence of the teacher.

8. Execution of the daily exercises under the ori-
entation of the team leader.

9. Setting the timeline in which the teacher will

visit each team weekly.
10. Elaboration of a SOP (Standard Operating
Procedure) for Workplace Gymnastics.

1-Place hands
over the nape
and press the

head down.

2- Pull the head
with one of the
hands until you
feel a slight
pressure on the
side of the neck.

4- Pull the head
with one of the

3- Make a spin-
ning movement
with the head,
starting clock-

hands until you
feel a slight
pressure on the

wise, then anti-

= | clockwise. & “ | side of the neck.
5-Take the 6-With the
flexed arm to 7 | knees semi-
the back of the flexed and with
head, and with one hand placed
the other hand, on the hip, raise
% | pull slightlyto |~ " | the other hand
the other side. up and bend
sideways.
7- Keep the legs 8- Keep the

well spread-out hands placed on

: and toe tips Q the ground and
pointing out- s the knee mus-
i wards, and low- F 2 cles semi-
— = | er the torso to- flexed, taking
wards a chosen the abdomen to
side until you the thighs.

feel a slight ten-
sion on the
backside of the
thigh.

9- Stretch the
arms, aligning

10-Keep the tor-
so erect and the
them with the
torso. Keep the
abdomen slight-

abdomen slight-
ly contracted.
Take a foot
backwards until

ly contracted,
and the knees it reaches the
unlocked. gluteus. Lightly
flex the support-

ing leg.

Chart 1. Implemented Wokplace Gymnastics movements.



3.2 Implementing the use of the Rehydrating
Serum in the company under study

Parallel to the adoption of workplace gymnastics,
the unit also implemented the rehydrating serum,
easily accepted by all, according to the following
steps:

1. Explanation aimed at rural managers and team
leaders about the Rehydrating Serum. What is
it? What is it used for? How it must be handled
and what is the best time to drink it.

. Explanation aimed at rural sugarcane workers
about the Rehydrating Serum. What is it? What
is it used for? How it must be handled and what
is the best time to drink it.

. Definition of the delivering Schedule and weekly
control of the boxes containing the product to
team leaders.

. Definition of the delivering Schedule and weekly
control of the sachets containing the product to
the workers.

. Elaboration of a SOP (Standard Operating
Procedure) for delivery and control of the Rehy-
drating Serum.

4 RESULTS
4.1  Results of the adoption of Workplace
Gymnastics and the Rehydrating Serum
at the plant in Alagoas

As a result of a visit to an agricultural-industrial
unit in the state of Alagoas, it was seen that the
chosen way to verify the benefits of Workplace
Gymnastics was to keep tabs of the lumbar pain
complaints by the workers. During the first year
(2008), gymnastics were applied once a day, at the
beginning of activities, evolving in 2009 to twice a
day, beginning and end of activities. The benefits
of such practice can be seen in chart 2, which show-

Comparative between Croops - Days
lost with Lumbar Pain
(17 weeks)

600 521
400 159 g

200 . 131

0 &
|2 Q A
200 0ol” S J
0y0| Q‘QI’LOX

Chart 2. Complaints of lumbar pains at the plant in
Alagoas.
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Chart 3. Occurrences of illnesses at the plant in
Pernambuco.

cases a reduction of almost 75% in the number of
lumbar pain complaints. This plant also adopted
the Rehydrating Serum for all workers.

4.2 Results of the adoption of workplace
Gymnastics and of the Rehydrating
Serum at the plant under study

Implementation of these two practices took place
in the crop 2011\2012 and the survey for results was
based on the number of occurrences of the five dis-
eases arising from the activity of cutting sugarcane,
them being: Lombalgy, flu, cephalea, Myalgia and
cramps, as per chart 3. It is noticeable that only
cramps and lombalgy had an expressive and sus-
tained fall, from 46,8% and 13,7%, respectively, from
the number of occurrences between the first and last
evaluated crops. Even though the other illnesses (flu,
cephalea and myalgia) showing variance in reduc-
tion of occurrences throughout the crops, small
drops between the first and last crops can be noticed,;
13,2%, 5,5% and 8,2%, respectively, and even then a
tendency of a drop in occurrences can be noticed.

4.3 Feedback poll

To keep track of the acceptance of the two practices,
165 randomly chosen workers were directly asked if
they considered themselves Satisfied (likes it), Dis-
satisfied (doesn’t like it) and Indifferent (whatever),
and as result, the Rehydrating Serum received 100%
of positive satisfaction, while 43,64% approved the
daily practice of Workplace Gymnastics.

5 CONCLUSIONS

This study reported a significant reduction in the
occurrence of lombalgia at the plant in Alagoas,
which was also confirmed at the plant in Pernam-
buco, even though it has shown a more modest gain



for that illness. The plant in Pernambuco fared bet-
ter when it came to knocking down the occurrences
of cramps. However, only the practice of Work-
place Gymnastics and\or the use of the Rehydrating
Serum are still not enough to verify expressive results
in relation to the health and safety of the worker.

It can also be added the statement of the social
worker for the Alagoas unit, who, by experience,
affirms it is necessary to integrate long-term pro-
grams aimed at promoting health in order to attain
sustained results in this area, including a re-educa-
tion of the worker concerning his daily habits both
at work and at home.

Faced with the reports and results, the benefits and
importance of these practices become evident for the
worker who performs using intense physical effort. It
is also noticeable the need to maintain and improve
workplace gymnastics and the use of the rehydrat-
ing serum in tandem with other ancillary practices,
mainly educative ones, seeking to attain synergy
between working conditions and individual habits.
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ABSTRACT: Laboratory experiments in a controlled climatic chamber enabled evaluation of fitness
of the PMV equation to thermal sensation assessment by a Portuguese sample. Experiments were car-
ried out in two occasions (May and December 2014), with two different college students cohorts, with
S experimental conditions in each cohort. A total of 323 individual assessments of specific controlled
thermal environment conditions were collected. Subjects sat down in a chair while inside the chamber
and evaluated the thermal environment after a standard period of 3 minutes inside the controlled climate
chamber. Each participating subject undertook the sitting in the chamber in five different days, with dif-
ferent climatic conditions each time. PMV and thermal sensation as assessed in the climatic chamber are
compared, yielding correlation coefficients which differ between the Spring-Summer experiments and the
Autumn-Winter Experiments but not between genders. The paper discusses possible factors contributing
to different correlations obtained in the Autumn-Winter and the Spring-Summer experiments.

1 INTRODUCTION the thermal factors in the environment for which
the largest possible percentage of a given group of
1.1 Background people experience thermal comfort (Fanger, 1967).

It provided a solution for predicting the optimum
temperature for a group in, for instance, an open
plan office, which could be provided by architects
and engineers (Mclntyre, 1984). This Predicted
Mean Vote (PMV) model has, over more than 4
decades since its creation, become the internation-
ally accepted model for describing the predicted
mean thermal perception of building occupants
(Van Hoof, 2008).

Thermal comfort is defined by standard ISO 7730
as the “state of mind that expresses satisfaction
with the thermal environment”. This is a simple,
consensual and straightforward definition but one
that is not straightforwardly converted into meas-
urable physical parameters. Moreover, the thermal
environment is one of a myriad of potential sources
of disruption to performance, health, comfort and
well-being (Parsons, 2003), e.g. noise, lighting, air
quality, vibrations, and inadequately set psychoso-
cial factors (Coelho et al., 2015).

The most important contributor to modelling
thermal sensation was P.O. Fanger (1934-2006), Calculations of thermal sensations are commonly
who created a predictive model for general, or  done by energy balance models of Fanger (1972).
whole body, thermal comfort during the second  However, previous experimental studies have
half of the 1960s from laboratory and climate  shown that observed and calculated values differed
chamber research (Van Hoof, 2008). In that period,  considerably, leading to the development of theo-
environmental techniques were improving, wealth  ries explaining the differences according to fac-
increased and workers wanted the best indoor envi-  tors such as “short-term thermal adaptation” and
ronment, while at the same time offices were grow-  “thermal expectation” (Becker et al., 2003).
ing larger (Mclntyre, 1984). With his work, Fanger Additionally, thermal sensation of females and
wanted to present a method for use by heatingand  males in the same thermal environment, activity
air-conditioning engineers to predict, for any type  and clothing insulation has been reported as being
of activity and clothing, all those combinations of  consistently different (Amaiet al., 2007). Moreover,

1.2 Theory and aim
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other studies indicate that there is a strong interac-
tion and influence of our experience with outdoor
weather and our indoor thermal comfort (Chun
et al., 2008).

The Predicted Mean Vote (PMV) model of ther-
mal comfort, created by Fanger in the late 1960s, is
currently used worldwide to assess thermal com-
fort. Fanger based his model on college-aged stu-
dents for use in invariant environmental conditions
in air-conditioned buildings in moderate thermal
climate zones (Van Hoof, 2008). Growing multiple
evidence shows that the PMV model is not appli-
cable to all types of people in any kind of building
in every climate zone.

Given the results of other studies and the inter-
est in ascertaining whether the discrepancies found
in other countries and climatic zones regarding
the PMV model of thermal sensation, the study
reported in this study focuses on a Portuguese
sample of young adults. The current study hence
contributes to ascertain the level of validity of
the PMV model of thermal sensation, by investi-
gating the differences (with statistical significance
assessed) between self-assessed thermal sensa-
tion and PMV. These differences are evaluated
across two important dimensions: climatic season
(Autumn-Winter versus Spring-Summer) as well as
gender of the participants (female versus male).

2 METHODS

2.1

Laboratory experiments in a controlled climatic
chamber were the basis to evaluate fitness of the
PMV equation to thermal sensation assessment
by a Portuguese sample. Experiments were carried
out in two occasions (May and December 2014),
with two different cohorts of college students, with
5 experimental conditions in each cohort. How-
ever, only 4 of these experimental conditions are
comparable across the two climatic seasons of the
year, yielding six different conditions (assessed by
proximity of calculated average PMV). The diffi-
culties in conditioning the environment and com-
pensating for different levels of clothing worn by
the subjects in the two times of the year, led to the
limitation of comparability reported.

A total of 323 individual assessments of specific
controlled thermal environment conditions were
collected. Subjects sat down in a chair while inside
the chamber and evaluated the thermal environment
after a standard period of 3 minutes inside the con-
trolled climate chamber. Each participating subject
in one of the two seasons undertook the sitting in
the chamber in five different days, with different cli-
matic conditions each time. Different participants
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took part in the Autumn-Winter experiments in
December 2014, compared to the ones that had
taken part in the Spring-Summer experiments
in May the same year. PMV and thermal sensa-
tion as assessed in the climatic chamber are com-
pared, yielding correlation coefficients which differ
between the Spring-Summer experiments and the
Autumn-Winter Experiments. Gender based differ-
ences are also explored in the data.

A total of 37 college students (28 male and 9
female participants) took part in the May 2014
experiments. The December 2014 experiments
were participated by a different group of 29 col-
lege students, with 14 female participants and 15
male participants. In both seasons, students from
Arquitecture, Industrial Design and Industrial
Engineering programs took part in the experi-
ments for course credit within Human Factors and
Ergonomics courses taught by the authors.

The conditions in each of the 5 trials carried
out in each one of the experimental blocks were
controlled. The average and standard deviation of
the PMV calculations for all individuals involved in
each trial are shown in Table 1 with a classification
of the type of experiment according to the proxim-
ity of the mean PMV calculated value obtained,
resulting in 6 conditions (A, B, C and E compara-
ble across the two seasons; D only in the Autumn
Winter block and F only in the Spring-Summer
block).

2.2 Climate chamber

The climate chamber used in this work presents
inner dimensions of 1.5 m, 1.2 m and 1.0 m, and
allows reproducing the inside or outside climatic
conditions of a building. The walls of the chamber
are constituted of 15 cm of XPS, being this mate-
rial limited by MDF panels with 2 cm thick. The
chamber was connected to an independent air con-
ditioning system capable to control the air temper-

Table 1. Pairing of experimental trials across seasons
based on calculated PMV mean for whole cohort in each
season.

Calculated
PMV Spring-Summer Autumn-Winter
st.

Paired Trial mean st.dev. mean dev.
A 2.4 0.46 -2.0 0.65
B -14 0.40 -1.3 1.01
C -0.5 0.19 -0.5 0.56
D e +0.2 0.82
E +1.0 0.08 +0.6 0.51
F +1.7 0.07 e e




ature, air humidity and air velocity. The imposed
conditions are monitored in real time through a
dedicate acquisition system.

This climatic chamber has al-ready been used in
previous works and additional constructive details
can be found in Pires et al. (2013). Inside the cham-
ber was placed a chair to accommodate the occu-
pant and simulate the sitting position. Inside the
chamber, in a central position, a chair was placed
so as to accommodate the occupant and simulate
the sitting position. To allow access to the interior
of the climatic chamber, its closing and open-
ing was achieved through the use of a removable
frame. This frame was covered with a clear plastic
film in order to allow the occupant to visualize the
outside environment thereby reducing the feeling
of being in a confined space.

2.3 Measurements

The measurements inside the climatic chamber
were performed using a thermal comfort system
including a thermal comfort data logger (INNOVA
1221) and several transducers. The air temperature
was measured using a radiantly shielded platinum
sensor (Pt100) with an accuracy of £1.0°C. A wet
bulb temperature transducer that complies with
1SO7243 was used to measure the air wet bulb
temperature with an accuracy of +0.5°C.

To take account of the thermal radiation
exchange between the occupant and the climatic
chamber walls, a globe temperature transducer was
used. This sensor complies with the ISO7243 and
consists of a Pt100 temperature sensing element
situated at the centre of a globe with 150 mm in
diameter and surface emissivity of 0.98. This sen-
sor allows a global temperature measurement with
an accuracy of +0.5°C.

The indoor air velocity was measured with an
omnidirectional air velocity transducer based on the
constant temperature difference anemometer prin-
ciple. According to the range of velocity values ob-
tained during the experimental work the air velocity
accuracy can be reported as better than £0.06 m/s.

2.4 Predicted Mean Vote (PMYV)

The Predicted Mean Vote Calculator prepared and
made freely and publicly available by Hékan Nils-
son (2005) was used. In order to use this calcula-
tor, yielding operative temperature, PMV and PPD
(Predicted Percentage of Dissatisfied) (Fig. 1),
a number of parameters should be input. The
parameters, bound by pre-set intervals, are cloth-
ing (Clo), [0 to 2clo], air temperature (°C) [10 to
30°C], mean radiant temperature (°C) [10 to 40°C],
activity (met) [0.8 to 4met], air speed (m/s) [0 to
1m/s] and relative humidity (%) [30 to 70%).
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Figure 1. The relationship between Predicted Mean

Vote and Predicted Percentage of Dissatisfied (Source:
Nilsson, 2005; originally proposed by Fanger, 1970).

The PMYV calculator was used to obtain the cal-
culated PMYV value individually, based on the val-
ues measured in real-time by the instruments and a
detailed assessment of the clothing insulation level
of the individual participant in each of the sitting
trials in the climatic chamber and considering the
level of activity of 1 Met, which corresponds to the
activity of sitting.

2.5 Subjective assessment of thermal sensation

Upon arrival to the laboratory setting each par-
ticipant was given a survey that assessed the
participant’s physical conditions and psycho-
logical state at the time of the trial. Every trial
was carried out in a different day of the week.
After this, an individual participant goes inside
the climatic chamber, prepared and thermally
stabilized, and instrumented. The transparent
door of the chamber was then sealed in order to
maintain the internal thermal environment. The
participant is invited to sit in a relaxed manner
in the chair supplied within the chamber, and
stay there for three minutes. After this time is
elapsed the participant registered her or his
thermal sensation and then exists the climatic
chamber. This process was repeated for every
participant.

The scale used for thermal sensation assess-
ment was the Portuguese version of the ASHRAE
thermal sensation scale. This scale consists of: —3
(cold), =2 (cool), —1 (slightly cool), 0 (neutral),
+1 (slightly warm), +2 (warm) and +3 (hot). This
scale is directly equivalent to the results of the
PMYV calculation from Fanger’s models (1972).



3 RESULTS AND ANALYSIS

3.1

The scatter plot of the results obtained for the trials
carried out in May 2014 is shown in Figure 2. The
Pearson correlation factor between the calculated
PMYV and the self-assessed thermal sensation was
computed for the 185 data points encompassed
yielded r = 0.871 (p<0.0005).

Spring-Summer trials

3.2 Autumn-Winter trials

The scatter plot of the results obtained for the
trials carried out in December 2014 is shown in
Figure 3. The Pearson correlation factor between
the calculated PMV and the self-assessed thermal
sensation was computed for the 137 data points
encompassed yielded r = 0.667 (p < 0.0005).

3.3 Female subjects

When considering the female participants only
(Fig. 4), the Pearson correlation factor between PMV
and thermal sensation combining the experiments
carried out in the two seasons is r=0.762 (p < 0.0005).
When looking only at the Spring-Summer data, the
correlation is r = 0.686 (p < 0.0005), while it is higher,
at r=0.850 (p < 0.0005) for the Autumn-Winter data,
considering only data from female subjects.

3.4  Male subjects

When focusing on the male participants only (Fig-
ure 5), the Pearson correlation factor between PMV
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Figure 2. Overall outlook for the results of the experi-
mental trials carried out in the Spring-Summer season
(May 2014): Thermal Sensation (TS) self-assessed during
trial versus calculated PMV value.
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mental trials carried out in the Autumn-Winter season
(December 2014): Thermal Sensation (TS) self-assessed
during trial versus calculated PMV value.
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Figure 4. Overall outlook for the results of the experi-
mental trials carried out in both seasons for female
participants only: Thermal Sensation (TS) self-assessed
during trial versus calculated PMV value (AW—Autumn-
Winter; SS—Spring-Summer).

and thermal sensation combining the experiments car-
ried out in the two seasons is r = 0.821 (p < 0.0005).

When looking only at the Spring-Summer data,
the correlation is r = 0.656 (p < 0.0005), while it is
higher, at r = 0.878 (p < 0.0005) for the Autumn-
Winter data, considering only data from male
subjects.



3.5 Seasonal differences across comparable trials

Inspection of Figure 6 reveals a V-shaped pattern
in both seasons and that differences between cal-
culated PMV and self-assessed thermal sensation
display reversing behaviors, progressing towards
neutral PMV values and then diminishing towards
higher PMV values. Moreover, thereis an interesting

Period
20 Oaw
u ss
o 8
104 3 8 8
0 §
z o & B
o
1.0 q
o
g 8 8§ =@
2.0
o Q o
8 8 8
3.0+

-4.0 T T T T
2 -1 0 1

TS During Trial

r—
w

Figure 5. Overall outlook for the results of the experi-
mental trials carried out in both seasons for male partici-
pants only: Thermal Sensation self-assessed during trial
versus calculated PMV value (AW—Autumn-Winter;
SS—Spring-Summer).
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Figure 6. Seasonal comparison of differences across
experimental trials A through F (see Table 1): Thermal
Sensation self-assessed during trial versus calculated PMV
value (AW—Autumn-Winter; SS—Spring-Summer).

reversal in that differences are greater for Spring-
Summer than for Autumn-Winter in the lower
PMV values region (experiments A, B and C)
and vice-versa for the higher PMV values region
(experiments D, E and F).

Non-parametric statistical testing (independent
samples Kolmogorov-Smirnov test) yielded statis-
tically significant differences across the two sea-
sons for all comparable experiments: A (p = 0.048),
B (p=0.005), C (p=0.032) and E (p=0.003). Addi-
tionally, the independent samples Mann-Whitney
U test led to significant differences for experiments
B (U=321; p=0.009) and E (U = 678; p = 0.006).

3.6 Discussion

Analysis of correlation suggests improved per-
formance of the PMV model in Autumn-Winter
season as opposed to Spring-Summer season for
the sample under study. Analysis by gender shows
a different set of differences by season. Future
studies might be beneficial to investigate further
the factors that may explain the variant but sta-
tistically significant discrepancies between thermal
sensation and calculated PMV, according to sea-
son, whether considering subjects from both gen-
ders, or separating subjects according to gender.

4 CONCLUSION

This paper report the results from an experimen-
tal study focuses on a Portuguese sample of young
adults in order to evaluate potential discrepan-
cies between the PMV model equation and the
thermal sensation assessment. The results shows
that the correlation between PMV equation and
thermal sensation presents a higher determina-
tion coefficient in Spring-Summer experiments
(r=0,871) than in the Autumn-Winter experiments
(r=10,667) which indicates the need to improve the
PMYV model for this season. There are also some
discrepancies between the thermal sensation and
the PMV equation when the individual or joint
analysis of genders is done with the correlation
being stronger in the Autumn-Winter experiments
when females or males are considered separately.
The need for a revision of the PMV model taking
into account regional and population differences is
not dismissed by the results of this study.
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ABSTRACT: The objective of this study was to measure the physical overload in the lumbar spine of
baggage handlers in a Brazilian airport and propose ergonomic solutions that could reduce the risk factors
for the development of low back pain. For that, the anthropometric measurements of the agents and the
instrumental apparatus used in the work activity were taken, and a systemic analysis of the biomechanics
used during the tasks was performed. The data were submitted to the 3D Static Strength Prediction Pro-
gram (3DSSPP) and the NIOSH Lifting Equation. The results showed that the biomechanics associated
with moving the luggage and goods with a weight above recommended submitted the lumbar spine of the
agents to potentially harmful compression forces. It is expected that the risk factors identified in this study
will sensitize the managers so that the ergonomic proposals should be carried out systematically.

1 INTRODUCTION

Air transport has been considered the leading
means of passenger and freight transport around
the world by traveling long distances quickly and
safely. In Brazil, the growth of the economy in the
last ten years was one of the main driving forces
for the popularization of this type of transport.
According to data from the National Civil Avia-
tion Agency (ANAC), in 2014 the share of the
transport market reached 63.0%, compared to
34.8% in 2004.

According to Zimmermann & Oliveira (2012), in
order to meet this growing demand, airlines have
intensified the use of their fleet within their operat-
ing networks and expanded their installed produc-
tion capacity in terms of number and size of aircraft
and flight frequencies. In 2015, 1.09 million flights
were made by Brazilian companies, considering
the total of domestic and international operations.
Regarding the number of passengers transported,
the National Transportation Confederation (CNT)
recorded a turnover of 102.32 million passengers
in 2014. This figure represented a real increase of
210.8% over 2000, when Brazilian airlines were
responsible for the handling of 32.92 million.

However, despite the apparent modernization
of the Brazilian airport infrastructure, there is still
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a high incidence of workers involved in activities
whose processes are still rudimentary, with mini-
mal degree of technology. Unlike the baggage dis-
patch process, which has an automated baggage
and merchandise management system, the logis-
tics for the preparation and distribution of these
are carried out by manual methods and involves a
large contingent of manpower.

The physical work performed by baggage han-
dlers is characterized by an activity that has high
energy demand and requires physical force meas-
ures during the lifting and movement of baggage
and merchandise of different weights, shapes and
sizes. The activities of handling baggage and heavy
goods, regardless of the limitations of the human
body, can pose serious health risks to the baggage
handlers, because lumbar spine receives potentially
damaging physical overloads to the intervertebral
discs, increasing the chances of the development
of low back pain (NIOSH, 2015, Oxley et al., 2009,
Riickert et al., 2007, Tafazzol et al., 2015).

In Brazil, although the working conditions of
the baggage handlers are a subject rarely explored,
several international studies have been operational-
ized in an attempt to identify the impacts of these
activities on the health of these workers. Oxley
et al. (2009) sought to identify the prevalence
of symptomatic bodily manifestations between



baggage handlers at Midlands Airport in the
United Kingdom. In the presented case, the results
indicated that most of the workers reported having
pain in the lumbar spine, knees, neck and shoulder,
as well as attributing the symptoms to the work
performed.

Tafazzol et al. (2015), when analyzing the epide-
miological and biomechanical aspects of the logis-
tics of baggage and merchandise preparation and
distribution at Mehrabad International Airport in
Iran, not only found a high prevalence of pain in
the lower back, knees and neck, but also identi-
fied that Manual handling of overweight baggage
has promoted potentially damaging compression
forces to the backbone of the workers, predispos-
ing them to the occurrence of low back pain.

Low back pain not only affects the health of the
worker himself but also social consequences, such as
absenteeism, change of profession due to incapac-
ity for work, social security expenses, among others,
which should not be neglected (Merino, 1996).

In this perspective, the present study had as
objective to measure the physical overload in the
lumbar spine of baggage handlers in a Brazilian
airport and propose ergonomic solutions that could
minimize the risk of developing low back pain.

2 MATERIALS AND METHODS

2.1

This study was conducted in the baggage and goods
processing sector of Aracaju Airport, located at
10° 59°12.7” S and 37° 04°20.4” W, in the state of
Sergipe, Brazil. The airport was founded in 1952 and
incorporated to the Brazilian Airport Infrastruc-
ture Company (INFRAERO) in 1975. This airport
complex has a contingent of over 1.000 (thousand)
employees to meet an average monthly demand of
115 thousand passengers and 20 scheduled daily
flights by the largest airlines in the country.

The sample consisted of twenty-two baggage
handlers responsible for the logistics of prepara-
tion and distribution of luggage and merchandise
at the analyzed airport. All the workers are male,
with mean age of 35 £ 4 years, mean height of
1.76 £ 0.05 m, mean weight of 75.18 = 7 kg and
Body Mass Index (BMI) of 24.03 £ 2.1 kg/m>. The
stipulated working day is 8 hours a day with an
interval of 2 hours. The average time of service pro-
vided by the workers comprises 6.47 * 3.28 years.

Study design

2.2 Collection procedures and data analysis

Data collection took place in the first half of Decem-
ber 2015 and was systematized in two stages. In the
first stage, a pre-scheduled interview was conducted
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with the representatives of the company responsi-
ble for the preparation and distribution of luggage
and merchandise, airlines and INFRAERO. At this
stage, it was possible to know the physical facilities
of the airport, the logistics of preparation and dis-
tribution of luggage, select the volunteers to com-
pose the Homogeneous Exposure Group (HEG)
and set the field research agenda.

In the second stage the anthropometric measure-
ments of the workers and instrumental apparatus
used in the processing of luggage and merchandise
were taken, with the aid of the following equip-
ments: portable vertical anthropometer, portable
platform scale and anthropometric tape. In addi-
tion, the systemic observation of the biomechanics
used by the workers during the execution of the
task was performed. These data were documented
and recorded by means of photos and filming.

The data collected were analyzed by the 3D Static
Strength Prediction Program (3DSSPP), version
6.0.6, developed by the Ergonomics Center of the
University of Michigan, to analyze the biomechani-
cal demands and to measure the physical backload
of the baggage handlers during the execution of the
activity. For this, the database was used with records
of twelve cycles of preparation of checked baggage
and ten cycles of operation of loading and unload-
ing, of such baggage as of the merchandise.

In addition, the NIOSH Lifting Equation pro-
posed, in 1994, by the National Institute for Occu-
pational Safety and Health (NIOSH) was used
to determine the Recommended Weight Limit
(RWL) and Lifting Index (LI), so that a consider-
able percentage of the population of the workers
can perform the task over an 8-hour shift without
increasing the risk of musculoskeletal disorders.

3 RESULTS AND DISCUSSION

3.1 Work and workplace characteristics

The point of induction of baggage processing
dispatched at Aracaju Airport occurs at airline
counters. At this point, identification tags are
inserted in the luggage, which are then deposited
on conveyors and directed to the security check.
The baggage is then sent to the preparation zone
for the flight for which it was destined, in which
a specialized company acts as a provider of logis-
tics services for the preparation and distribution of
baggage to airlines and to INFRAERO.

In the logistics of preparation and distribution
of luggage and merchandise, a large part of the
operations is carried out manually and with an
average execution time of around 14 £ 5 minutes.
In the preparation stage the transfer of checked
baggage to the support car, which had 120 cm in



length, 60 cm in width, 53 cm in height and load
capacity of 2000 kg was carried out. The average
weight of baggage and goods processed during
field research was 28 £+ 6 kg (274.6 = 58.8 N), with
a minimum weight of 12 kg (117.68 N) and a maxi-
mum weight of 34 kg (333.43 N).

The support cars are then attached to mini trac-
tors and routed to the storage area while awaiting the
unloading of the baggage from the previous flight. In
the case of merchandise, after the bureaucratic proce-
dures carried out in the sector adjacent to the board-
ing hall, these are sent to the merchandise storage
area, and the process of transfer to the support car is
similar to that carried out with the checked baggage.

After the aircraft is parked at the aerodrome, the
unloading process is initiated and requires the serv-
ices of four baggage handlers and two towing tractor
operators. This process lasted on average 12 + 4 min-
utes and begins with the positioning of cars near the
two compartments of the aircraft. Subsequently, the
baggage handlers climb into the base of the support
car and in a coordinated manner, remove and deposit
the luggage and goods from the aircraft compart-
ment to the base of the support car. Figures 1 and 2
show the baggage transfer operations for the support
and unloading cart of the aircraft compartment.

After the aircraft is fully discharged, the mini
tractors transport the baggage or goods unloaded
from the aircraft to the screening area to be per-
formed bureaucratic procedures with the Federal
Police and Federal Revenue and released without
any irregularities.

Concurrently, the operation of loading the
checked baggage for flights of the other airlines

takes place. This process is similar to the one per-
formed in the discharge, but in the reverse flow and
has an average duration of 20 £ 3 minutes.

3.2 Measurement of physical overload

Regarding the preparation of the luggage, it was
possible to notice that in all cases, the workers
flexed the trunk in front of the luggage, making
an average angle of 33 degrees, intending the mus-
cles of the neck and spine. Generally, both arms
remained extended, and soon the workers flexed
the right elbow and the two knees to pick up the
luggage deposited on the conveyor 26 cm in height.
With the use of coarse handling, the workers
returned to the anterior position by extending the
trunk and rotated the body at an average angle of
93 degrees. This trunk movement associated with
baggage retrieval caused compressions in the L4/
L5 and L5/S1 disks of the spine of the workers on
the order of 3394 + 385.1 N.

Soon after picking up the luggage, 86.36% of
the agents flexed their legs, varied the movement of
the arms between flexion and extension, and dur-
ing the route placed the left hand in the base of the
luggage. As workers positioned themselves in front
of the support car, they turned the body again at an
average angle of 88°, their legs stretched out and
their arms flexed so that the luggage was deposited
on the support car. During this task the compres-
sion on the L4/L5 and L5/S1 discs of the workers
was calculated, being 2893 + 267.7 N, which differed
from the first position by the fact that most of the
workers brought the luggage close to their bodies.

Figure 1.

Operation of transfer luggage to the support car.

Figure 2.

Process of unloading goods from the aircraft.
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In the process of loading and unloading luggage
and goods from aircraft, it was observed that in
order to pick up the luggage or merchandise located
at the entrance of the aircraft compartment the bio-
mechanics common among the workers occurred
in the following movements: extension of the two
arms above the level of the shoulder flexion, for-
ward trunk flexion, and variations in flexion and
extension of the legs. After picking up the luggage
or merchandise located in the aircraft compartment,
which is 48 cm high relative to the shoulder level, the
officers flexed their arms and turned the body at an
average angle of 128 degrees and deposited the lug-
gage or goods in the car which was 64 cm from the
initial position of the agent. While depositing the
luggage at the base of the car, trunk flexions with
angle variation between 21.14° and 53.67° were
observed, which depended on the height at which
the luggage or goods were stacked one on the other.
These flexions caused compressions in the L4/
L5 and L5/S1 disks of the agents in the order of
3395.31 £ 253.67 N. Figures 3 and 4 illustrate the
main biomechanical stresses used by the workers
during the preparation of the checked and during
the operation baggage of the goods of the aircraft.

Figure 3.

S -

Main biomechanical requests during preparation of checked baggage.

According to Merino (1996), the multidirectional
compressions in the discs L4/L5 and L5/S1 of the
spine should not be greater than 3400 N, because
if subjected to a compressive force above this order
they cause micro traumas, that depending on the
degree of evolution, could result in low back pain.
Although low back pain is not characterized as a
disease but as a symptom of intense pain, they tend
to be potentiated, usually at the end of the working
day or during production peaks, with relief during
night rest and at the weekend. However, recur-
rences of episodes may progress to chronic pain,
and in these cases, decreases the worker’s chances
of returning with the same physical conditions.

According to Teixeira et al. (2011), among the
causes of low back pain, the activities of manual
lifting of loads are the main factor. One of the
main aspects considered in the investigation of the
risk factors are related to the weight and position
of the load. In this sense, when lifting, pulling, or
pushing luggage or goods it is fundamental that
the baggage handlers considers the weight and
position of the load relative to the axis of the body,
as these factors are narrowing related to the com-
pressive forces generated in the spine.

1

Figure 4. Main biomechanical requests during the unloading of goods from the aircraft.

Table 1. Standard location variables for lifting luggage or merchandise.

Process step 23 kg HM VM DM FM AM CM RWL LI
Preparation 23 kg 1.00 0.81 0.98 0.80 0.70 0.90 9.20 kg 3.04
Loading and unloading 23 kg 1.00 0.86 0.89 0.80 0.42 0.90 7.75 kg 3.61

Note: HM—Horizontal location of the object relative to the body; VM—Vertical location of the object relative to the
floor; DM—Distance the object is moved vertically; FM—Frequency and duration of lifting activity; AM—Asymme-
try angle or twisting requirement; CM—Coupling or quality of the workers grip on the object.



For the analyzed activities, the result of the
NIOSH Lifting Equation suggested a drastic
reduction of the weight manipulated by the bag-
gage handlers during the preparation of the lug-
gage from 28 kg to 9.20 kg and in the process of
loading and unloading of luggage and goods from
28 kg to 7.75 kg. Among the considered aspects,
the asymmetric angles and vertical distance of lug-
gage and merchandise were the factors that con-
tributed the most to the inadequate RWL and LI
values, as can be observed in Table 1.

3.3 Ergonomic solutions proposals

Considering the risk factors for low back pain
identified in this study, some ergonomic recom-
mendations were presented to the representatives
of the company responsible for logistics services
for preparation and distribution of luggage and
merchandise, airlines and INFRAERO.

It was recommended to use devices that provide
mechanical assistance in terms of reducing physical
workload, manual handling and risk factors associ-
ated with handling baggage and merchandise at air-
ports, such as Unit Load Device (ULD) or vacuum
handler’s devices for baggage and goods. It was
pointed out that the reconfiguration of the post and
working methods should be carried out in the short
term. In addition, they should also be implemented
in the long term if there is no possibility of establish-
ing the propositions of automation of the process.
In this sense, it was suggested that the instrumental
apparatus necessary for the operation be adapted to
the anthropometric measurements of most baggage
handlers. It was suggested that airlines provide bag-
gage weight marking labels so that the heavier bag-
gage would be carried by two workers. In addition,
towing tractors should position the support car-
riages perpendicular to the conveyor belts to reduce
the angle of rotation of the trunk from 180° to 90°.
Likewise, position the support cars parallel to the
compartments of the aircraft.

Regarding the handling of luggage and goods
by the workers, it was recommended that the knees
should be flexed when picking up and unloading
the luggage on the treadmill, standing upright and
storing luggage or merchandise close to the lon-
gitudinal axis of the body, trunk flexion, or body
rotation during the process.

4 CONCLUSIONS

This study aimed to measure the physical over-
load in the lumbar spine of baggage handlers in a
Brazilian airport and propose ergonomic solutions
that could reduce the risk factors for the develop-
ment of low back pain.
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In the analysis, it was evident that all the activi-
ties observed in the baggage preparation and dis-
tribution logistics of the analyzed airport demand
intense muscle strength, which present risk factors
that compromise the structures of the spine, espe-
cially the lumbar spine. This can be confirmed by
the results of the methods applied.

The NIOSH Lifting Equation allowed the previ-
ously assumed assumption that the weight of the
luggage and goods was not within the ideal limits
was confirmed. The material handling was approx-
imately 72.32% above the recommended one. That
is, the maximum weight to be handled by the work-
ers should be 9.20 kg (preparation) and 7.75 kg
(loading/unloading), not 28 kg.

Biomechanical modeling reinforces these find-
ings in that it indicates the use of too much effort
for rotation, flexion and extension of the trunk,
associated to the lifting of luggage and merchan-
dise, resulting in the formation of compression
forces at the lumbar spine level of the baggage
handlers in the order of 3394N (preparation) and
3395.31 (loading/unloading). Values very close to
the limit recommended in the literature.

In general, it is expected that the risk factors for
low back pain identified in this study will sensitize
managers so that the ergonomic propositions are
implemented, so that the physical integrity of these
professionals is preserved, and, thus, allows efficient
performance in the exercise of their attributions.
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ABSTRACT: The present study aimed to evaluate occupational exposure to heat and noise of the ramp
operators of a Brazilian airport, by comparison of the levels obtained in the field research with the levels
established by Brazilian law. Therefore, we collected data from occupational noise and temperature in air
operational airfield at set points near each ramp operator during the execution of work activities. In the
analysis of the results it was observed that the thermal and acoustic levels were off the ergonomic stand-
ards established by Brazilian law. Overall, the results showed the need to establish a planning for actual-
izing the exposure limits of ramp operators to thermal and acoustic overload and, above all, a more rigid

supervision by the competent organizations.

1 INTRODUCTION

In recent years, Brazilian air transport has become
the main modal for passenger and freight trans-
port. According to Zimmermann and Oliveira
(2012), in order to meet this growing demand, air-
lines have intensified the use of their fleet within
their operating networks and have expanded their
installed production capacity in terms of number
and size of aircraft and flight frequencies.

Official data from the National Civil Aviation
Agency (ANAC) show that in 2015, 1.09 million
flights were made by Brazilian companies, consid-
ering the total of domestic and international opera-
tions, and that from January to August 2016, there
were half a million takeoffs in the country. Regarding
the number of passengers transported, the National
Transportation Confederation (CNT) recorded a
turnover of 102.32 million passengers in 2014. This
figure represented a real increase of 210.8% over
2000, when Brazilian airlines were responsible for
the handling of 32.92 million. Ratifying this trend
of growth, in 2015 the number of passengers trans-
ported reached the mark of 119.8 million, and only
in the first half of 2016, 73.1 million people have
already used the air route (ANAC, 2015).

Not surprisingly, with the increase in the daily
movement of passengers at Brazilian airports, airlines
had to minimize baggage processing time, especially
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in connections between flights, which resulted in an
increase in the workload of the professionals who
provide Support services for aircraft, passengers, lug-
gage, cargo and mail. However, despite the apparent
modernization of the Brazilian airport infrastruc-
ture, it is observed that a large part of the contingent
of workers involved in this process develops still rudi-
mentary activities, with a minimum degree of tech-
nology, as is the case of ramp operators.

These professionals are responsible for loading
and unloading baggage and goods on aircraft. In
addition to the high-energy demand during lift-
ing and movement of luggage and goods, they
perform their tasks, most of the time, in the envi-
ronment outside the airport, where are subject
to the weather and occupational noise caused by
aircraft turbines. These working conditions are
closely related to the substantial increase in cases
of absenteeism and incapacitation to work among
these professionals (Gugliermetti et al., 2010).

In Brazil, although the environmental work
conditions of ramp operators are a subject rarely
explored, several international studies have been
operationalized to identify the impacts of the
risk factors inherent to the activities developed in
the health of these workers. Yoopat et al. (2002)
conducted a research to investigate the combined
effects of physical workload and thermal stress on
ramp operators at Bangkok Airport, Thailand.



From the analyzed parameters, they observed that
the exposure to solar radiation associated to the
workload contributed to the increase of the body
temperature of the ramp operators during the
execution of the task, and for this reason, they
concluded that measures to combat this exposure
should be adopted.

Gugliermetti et al. (2010) evaluated the expo-
sure of ramp operators to occupational noise dur-
ing the development of work activities close to
the aircraft at the International Airport of Rome,
Italy. In this analysis, they observed that workers
were exposed to occupational noise levels above
87 dB (A), requiring preventive measures ranging
from the availability of hearing aids with adequate
attenuation levels to the continuous monitoring of
occupational noise in the workplace and the per-
formance of audiometric tests.

In this perspective, the present study has the
objective of evaluating the occupational exposure
of the ramp operators of a Brazilian airport to
heat and noise, from the comparison of the levels
obtained in field research with the levels established
in Brazilian legislation, specifically in Regulatory
Norm 15 (NR-15).

2 MATERIALS AND METHODS

2.1 Study design

This study was conducted in the baggage and goods
processing sector of Aracaju Airport, located at
10° 59°12.7” S and 37° 04°20.4” W, in the state of
Sergipe, Brazil. The airport was founded in 1952
and incorporated to the Brazilian Airport Infra-
structure Company (INFRAERO) in 1975. This
airport complex has a workforce of over 1.000 (one
thousand) employees to meet an average monthly
demand of 115 thousand passengers and 20 sched-
uled daily flights.

The sample consisted of nine ramp operators
responsible for loading and unloading baggage
and goods from aircraft at the analyzed airport.
All the agents are male, with mean age of 32 + 5
years, mean height of 1.72 + 0.09 m, mean weight
of 73.36 £ 9 kg, and mean Body Mass Index (BMI)
of 21.94 + 1.8 kg/m?. The stipulated working day is
6 hours daily with an interval of 1 hour. The aver-
age time of service provided by the agents com-
prises 5.86 £ 2.91 years.

2.2 Collection procedures and data analysis

Data collection took place in the first half of
December 2015 and was systematized in two
stages. In the first stage a pre-scheduled inter-
view was conducted with representatives of the
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company responsible for the service, airlines and
INFRAERO. In this stage, it was possible to know
the physical facilities of the airport, the logistics
of preparation and distribution of luggage and
merchandise, select the volunteers to compose the
Homogeneous Exposure Group (HEG) and set the
field research agenda.

In the second stage, the environmental data
were collected in the operational aerodrome. The
thermal levels were collected at five pre-established
points, close to each worker during the execu-
tion of the work activities, considering intervals
between measurements of 60 + 10 minutes. The
daily measurement had a duration of 8.05 + 0.07
hours and the total monitoring time was 42.45
+ 3 hours occupational noise levels were taken
through two continuous integrative noise meters
for personal use throughout the work day of the
operator.

The Portable Globe Thermometer (ITWTG/
2000) was used to measure dry, wet and globe bulb
temperatures. From Equation (1), the Wet Bulb
Globe Temperature Index (WBGT) was calculated
with exposure to solar radiation.
WBGT=0.7T,+02T,+0.1T, (1)
where: T, is the natural wet bulb temperature; T, is
the globe temperature; T, is the dry bulb tempera-
ture (air temperature).

The level of occupational exposure to continu-
ous or intermittent noise during the workday was
measured with the noise dosimeter (DOS-600),
which had a noise measurement scale of 70 to 140
dB and an accuracy of * 1.5 dB. The equipment
has been set to operate in the compensation cir-
cuit (A), the slow response circuit and reference
criterion of 85 dB, which corresponds to the 100%
dose for an 8-hour work exposure. The overall
monitoring of the sound pressure level was 61.78
* 5 hours.

The variables collected were analyzed by com-
paring the levels obtained in field research with the
levels established in Brazilian legislation.

3 RESULTS AND DISCUSSION

3.1

After the preparation and transfer of luggage and
goods to the support car, the towing tractor will
route them to the area near the aircraft or to the
storage area in case of the process of unloading
the baggage of the previous flight. In the case of
goods, after the bureaucratic procedures carried
out in the sector adjacent to the boarding hall,
these are sent to the warehousing sector.

Work and workplace characteristics



After the aircraft is parked at the aerodrome,
the unloading process is initiated and demands the
services of four ramp operators and two towing
tractor operators. This process lasted on average 12
+ 4 minutes and begins with the positioning of cars
near the two compartments of the aircraft. Subse-
quently, the ramp operators rise in the base of the
support car and in a coordinated manner, remove
and deposit the luggage and goods from the air-
craft compartment to the base of the support car.
Figure 1 shows the cargo unloading operations of
the aircraft compartment.

After the aircraft is fully discharged, the mini
tractors transport the baggage or goods unloaded
from the aircraft to the screening area to be per-
formed bureaucratic procedures with the Federal
Police and Federal Revenue and released without
any irregularities. Concurrently, the operation
of loading the checked baggage for flights of the
other airlines takes place. This process is similar
to the one performed in the loading, but in the
reverse flow and has an average duration of 20 £
3 minutes.

3.2 Evaluation of occupational exposure to
noise and heat

The data collected in the baggage and goods
processing sector were condensed in Table 1,
in order to facilitate the analysis. In this way, a
comparison can be made between the thresh-
olds recommended by the Brazilian legislation
(ideal condition) and the reality of the analyzed
environment.

3.2.1 Evaluation of occupational exposure

to noise

In view of the above in Table 1, it is observed that dur-
ing the workday ramp operators are exposed to aver-
age occupational noise levels in the range of 93.63 dB
(A), higher than stipulated by Brazilian law.

As shown in Figure 2, to illustrate the behav-
ior of sound pressure levels during one workday,
it was observed the occurrence of four peaks, due
to landing and taking off other aircrafts. The first

peak occurred at 08h45 min, when the occupa-
tional noise level reached 117.24 dB (A), the sec-
ond one at 09h57 min, reaching 125.67 dB (A), the
third at 13:59, reaching 118.87 dB (A) and the
fourth and final peak at 16:48, when it reached
119.38 dB (A).

Occupational noise levels between 80 and 100 dB
were caused by the concurrent activities of aircraft
preparation, such as positioning of tractors for
loading and unloading luggage, the tanker aircraft
outfitter, embarkation and disembarkation of crew.

In these activities, the ear protectors are man-
datory. However, according the ear protector’s
manufacturer specification, the use of this equip-
ment promotes an attenuation of 17 dB. During
the workday, in the first sound pressure peak levels,
the ramp operator was exposed to a pressure on
the order of 100.24 dB and the use of a hearing
aid promoted the percentage attenuation of only
14.50% of the noise.

According Cavalcante et al. (2013), occupa-
tional exposure to high sound pressure levels
cause hearing extra trauma, physiological and
Noise Induced Hearing Loss (NIHL). NIHL
is an insidious disease, growing along the years,
having a direct relationship with intensity, time
of exposure and individual susceptibility to
noise (Marques & Costa, 2006). In this sense, the
NR-15 establishes that for unhealthy work effect,
the time allowable daily exposure of six hours of
work shall not exceed the limit of 87 dB, other-
wise, offers serious and imminent risk to health
of the workers.

Table 1. Assessment variables.
Levels in the Exposure
Variables workplace  limit Legislation
Average occupational 93.63 87.0 NR-15
noise dB (A)
Average WBGT 29.78 27.5 NR-15
index (°C)

Source: Field results.

Figure 1.

Unloading operations of the aircraft compartment.
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Figure 2. Continuous monitoring of operator exposure to occupational noise during the working day.

3.2.2  Evaluation of occupational exposure to heat
The average WBGT calculated for the ramp opera-
tors was 29.78°C, higher than the tolerance limit
set by the NR-15. However, the intermittence of
work due to the schedule arrangements and time
between flights, prevents the workers to receive
wage complementation and other additional rights
relative to unhealthy work by the social security. In
the case of ramp operators, there is a direct influ-
ence of solar radiation in the course of the work-
ing day. The average thermal overload situation
occurred between 09:00 and 16:00, with a higher
average thermal overload observed at 12:00, when
the average temperature was 32.91°C, as can be
seen in Figure 3.

For these reasons, it is observed that the activi-
ties of the ramp operators are held in unsuitable
conditions. The situation may be exacerbated by
the fact that besides the necessary agility coupled
with intense biomechanical requests during the exe-
cution of tasks, the thermal characteristics of the
asphalt paving of the aerodrome associated with
internal aircraft compartment temperature causes
additional load heat by convection and radiation,
enhancing the sensation of thermal overload.

The human body cannot tolerate conditions
exceeding 37°C. At temperatures of 27°C and a
relative humidity of 40%, some healthy individuals
may begin to experience heat stress with prolonged
activity or exposure (Opitz-Stapleton et al., 2016).
Heat stress causes fatigue, headache and muscle
cramps, while heat stroke can lead to death, even
among healthy people. Camargo and Furlan (2011)
add that such thermal conditions affects the system
of production and exchange of body heat to the
environment and interferes with the thermoregula-
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tory system of the body, producing physical and
nervous exhaustion, decreased income, increase in
errors and risk accidents at work.

Weather conditions in conjunction with health
status, workload and rate, outdoor worker expo-
sure to sunlight and wind, indoor worker expo-
sure to radiant heat sources or without adequate
ventilation, or those workers not acclimatized can
lead to heat stress and stroke in the workplace
(Lucas et al., 2014). However, despite this scientific
and medical recognition, general business aware-
ness of extreme heat exposure and occupational
health risks remains low, and regulatory standards
for heat illness prevention programs for different
occupations in various countries may be lacking or
inconsistent (Arbury et al., 2014; Gubernot et al.,
2014; Opitz-Stapleton et al., 2016).

3.2.3  Ergonomic solutions proposals

Regarding the identified environmental problems,
it was found the need of ergonomic proposals to
minimize heat exposure and its negative effects
ranging from progressive dehydration and cramps
to more serious events, such as heat exhaustion
and thermal shock. In the long term, this can
cause cancerous melanoma and premature aging.
Therefore, the use of sunscreens adequate to the
type and sensitivity of the skin of the agents is rec-
ommended to reduce the harmful effects of sun-
light on the skin. It has been suggested further that
appropriate clothing be used, preferably made of
light fabric and micro fibers. This kind of fabric
transfers the sweat to the outer side, and favors
the drying. The use of Personal Protective Equip-
ment (PPE) such as gloves, boots and a hat with
wide lateral protection for ears and neck was also
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Figure 3. Continuous monitoring of exposure to occupational agent heat during working hours.

suggested. The latter was suggested because it was
observed the lack of head protection by the agents
during exposure to sunlight.

In relation to occupational noise exposure,
although it was observed the use of ear protectors
of shell type, which according the product speci-
fications have 17-27 dB (A) attenuation capacity,
it becomes important to use physiological alterna-
tives such as reducing the exposure time from tak-
ing regular breaks and function of rotation, even if
the attenuation of hearing protection is sufficiently
able to generate a safe situation without major
damage to health.

4 CONCLUSIONS

This study aimed to evaluate occupational expo-
sure of the ramp of Brazilian airport operators to
heat and noise, from the comparison of the levels
obtained in the field research with the levels estab-
lished by Brazilian law.

In the analysis of the results it was observed that
the thermal and acoustic levels were off the ergo-
nomic standards established by Brazilian law. The
average calculated for WBGT index ramp opera-
tors was 29.78, or 8.29% above the limit recom-
mended by NR-15.

About occupational noise, it was observed that
workers were exposed to high levels of sound pres-
sure. The average occupational noise on the job of
ramp operators met up 7.62% over the limit set
by the NR-15. Despite the use of hearing protec-
tors with good attenuation levels, it was shown
that future studies must be conducted to develop
measures to eliminate, reduce or neutralize noise
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in these jobs, in addition to analyzing the effective-
ness of mitigation used protectors.

Overall, the results showed the need to establish
a revised plan to exposure limits of ramp opera-
tors to thermal and acoustic overload and, above
all, a more rigid supervision by the competent
organizations.
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ABSTRACT: The purpose of this paper is to conduct an analysis of the legal environment, health and
welfare of working judges in Brazil. The study employs three methods of inquiry: Effort-Reward Imbal-
ance Questionnaire (ERI-Q), Patient Health Questionnaire 9 (PHQ-9) and the Nottingham Health Pro-
file (NHP). It also relied on semi-structured interviews as a technique for acquiring a fuller understanding
of the results obtained. These showed that unstable working conditions had a serious effect on the levels
of health, welfare and inter-personal relationships of the judges. The study found that it is the restructur-
ing of the working practices of the legal profession, by fostering a democratic and supportive system of
management for the judges themselves, that can be regarded as the most important means of establishing
a framework based on a binomial model of a judicial council that is just and can provide the magistracy
with a good quality of life.

1 INTRODUCTION The parameters of the business logic of the
Brazilian Judiciary can be confirmed by the grow-
A good deal of research has been concerned with  ing use of new technology in the Courts. This is
the health disorders of workers, particularly those  especially the case with the implementation of
linked to psycho-social factors, and these studies  the Electronic Judicial Process (EJP), which has
have sought to understand their signs and effects  triggered the physical-to-virtual conversion of
with a view to adopting better preventive and  court cases and also allowed a broadening of the
interventionist measures and thus ensure a healthy =~ Magistrate’s Office, which is spreading out indefi-
working environment (Meurs & Perrewé, 2011). In  nitely to the whole area where there is access to
France, there has been a systematic attempt todivide  the Internet.
psycho-social risk factors at work into six catego- This situation combines the mechanisms of an
ries. These range from questions linked to the time  institutional character (with regard to the world
of work to the poor standards of social relations,  of the judges) that addresses the problem of job
and encompass issues such as emotional demands,  insecurity, with a system that links the earnings
alack of or limited degree of autonomy, conflicting  of judges to their productivity. In other words,
values and job insecurity (Gollac & Bodier, 2011). judges will be paid bonuses for the buildup of
In the case of the Brazilian Judiciary, the altera-  judicial cases and for undertaking activities that
tion of the working conditions of the judges and  should be the responsibility of other judges, as
exacerbation of psycho-social risks, together with  stipulated in Resolution No. 155 of the Supreme
the deterioration of standards with regard to social ~ Council of Labour Law, of 23 October 2015
relations at work and restrictions on autonomy, (Brazil, 2015).
have taken on a new importance with the publish- Thus, the purpose of this study is to analyze
ing of Resolution No. 70 of the National Council  the possible repercussions of the judges’ work on
of Justice (18 March 2009) (Brazil 2009). By incor-  their health, while taking into account activities
porating good business practices in the Brazilian  they undertake and the way their responsibilities
Judicial System (Alves, 2014), this measure estab-  are organized, as well as the mechanisms that are
lished them as pillars of strategic management and  recognized as being necessary to create a balanced
planning and operational efficiency. work environment.
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2 METHODS

2.1 Characteristics of the sample

The sample used for the quantitative data analy-
sis included 263 working judges in every region
in Brazil, which represented 7.73% of the total
number of 3,400 working judges in the country
(Brazil, 2015b).

It was found in the sample that there was a rela-
tively balanced gender distribution (49.6% females,
50.4% males), a large proportion in the 45-54 year
old age group (39.5%), while for the 35-39 years
age group, it was 17.5% and for the 4044 years age
group, it was 16%. Most of them were serving in the
first stage of their judicial career as Assistant Judges
(42.6%). The first stage of the judge enabled him/
her to act as a circuit judge with the right to exercise
judicial powers in different lower federal courts; or
as a Chief Judge of a Lower Federal Court (48.3%)
— the second stage in the career of the judge exercis-
ing judicial powers as a permanent judge in a lower
federal court. Most of the working judges had had
judicial authority for over 10 years (58.6%).

In the qualitative analysis, the sample consisted
of 13 judges (4 assistant judges, 5 chief judges, 3
High Court judges—in the third probationary
period of the magistracy who exercised judicial
powers in the Regional Labour Courts—and 1
Minister of Justice who was in the fourth stage of
the career of the magistracy and exercised judicial
power in the Upper Labour Court.

2.2 Instruments, procedures and data processing

Three investigative methods of inquiry were
employed: the Effort-Reward Imbalance Question-
naire (ERI-Q), the Patient Health Questionnaire 9
(PHQ-9) and the Nottingham Health Profile (NHP).

The ERI-Q, which had a version of 23 items,
used the categories of effort, reward and over-
commitment to supply features that show the
occurrence of psychological disorders resulting
from the mismatch between the effort of the work-
ers and the rewards emanating from the employer
(Siegrist, 2008).

The PHQ-9 consists of an instrument used for
the diagnosis of common mental disturbances
(Spitzer et al., 1999) based on 9 items.

The NHP consists of an instrument for assess-
ing the quality of life, which is formed of 38 items
(Hunt, 1981).

The ERI-Q, PHQ-9 and NHP inquiries take
account of the transcultural adaptation into Bra-
zilian Portuguese (Chor et al., 2008; Osorio, 2009;
Teixeira et al., 2004, respectively).

The inquiries took place in an anonymous
and voluntary way in the period 28 October-27

November 2015, with statistical data processing
by the SPSS (Statistical Package for the Social Sci-
ences), version 22.0.

After the analysis of the data supplied by the
ERI-Q, PHQ-9 and NHP inquiries, the semi-struc-
tured interview technique was employed with flex-
ible parameters (Minayo, 2014).

The interviews, which on average, lasted for
60 min, took place in a voluntary and anonymous
manner in the period February-July 2016.

The excerpts from the text were sorted out into
thematic categories and subcategories and sub-
sequently submitted to independent judges. By
proceeding with the validation of the excerpts
attributed to each category, they helped in produc-
ing an evolving pattern of the analytical param-
eters, which emerged from the data.

From this perspective, the thematic categories
were arranged as follows: work of the magistracy;
health of the magistracy; and magistracy and the
family (Figure 1).

The thematic category “the work of the magis-
tracy” is combined with the thematic subcategories
that fall within the scope of the working activities
undertaken by the judges and can be divided into the
following thematic subcategories: organisation of the
work by the Judiciary; complexity of judicial activi-
ties; degree of satisfaction of the magistracy with
their profession; and defensive strategies adopted by
the magistracy when involved in their work.

The thematic category “health of the magis-
tracy” includes the thematic subcategories that
refer to the effects of work on the welfare and
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health of the magistracy and are thus divided into
the following: infrapathological problems of the
magistracy and problems of physical and mental
health.

The thematic category “the magistracy and the
family” is only combined with the thematic sub-
category concerned with the interference of the
work of the magistracy with family life.

In the final stage of this methodological path
(Braun & Clarke, 2006), a session was held with
82 working judges where there was an opportu-
nity to provide feedback on the data (both quan-
titative and qualitative), validate the main results
obtained and set out the measures that could assist
in preventing the particular health problems that
are caused or aggravated by the exercise of profes-
sional duties.

3 RESULTS

The quantitative and qualitative results are set out
in a holistic way as a means of obtaining a better
understanding of the complexity of judicial work,
insofar as the integration of the results broadens
the range of interactions and meaning of the avail-
able information.

3.1

The data from the ERI-Q inquiry (Cronbach’s
alpha in the “effort”: 0.777; Cronbach’s alpha in
the “reward” dimension: 0.794; and Cronbach’s
alpha in the “overcommitment” dimension: 0.890),
PHQ-9 (Cronbach’s alpha: 0.887) and PSN (Cron-
bach’s alpha: 0.921) show a satisfactory internal
degree of consistency.

Internal reliability of data—Cronbach’s alpha

32 ERI-Q

The parameters of the ERI-Q scale (Siegrist 2008)
show that 36.7% of the working judges carry out
activities with a greater psychic effort, 49.8% were
remunerated with an incommensurate reward and
the work of 44.9% involves overcommitment.

It was confirmed in the sample that there is a
positive correlation between “psychic effort” and
overcommitment (coefficient of person 0.664;
p <0.01).

In some items from the effort and overcommit-
ment dimensions, the results were highly signifi-
cant. In the effort dimension, the item “I constantly
feel under time pressure because of my heavy
workload”, 25.6% chose the answer “I agree” and
67.2% the answer “I completely agree”, or in other
words, 92.8% of the judges admit that they feel
under pressure from the responsibilities of their
work. In the overcommitment dimension, the item
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“When I wake up in the morning, I immediately
begin to think about the problems of my work”,
35.6% chose the answer “I agree” and 41.4% the
answer “I completely agree”, or in other words,
77% of the judges show that they are intensely pre-
occupied with their work.

The interpretation of the effort and overcommit-
ment dimensions can be better understood when
confirmation is given by the interviews of the com-
plexities of their activities. This is especially with
regard to the burden of decision-making, the huge
number of lawsuits and the difficulties of reaching
a verdict in legal proceedings and is illustrated by
the following observations: “there is not enough
time to settle all the lawsuits and with the increas-
ing amount of work, I find that all the time I am
sleeping fewer hours at night” (Chief Judge 5);
“every Supreme Court Judge handles about 15,000
or 16,000 lawsuits a year. I write the proceedings
of the Court, the plea bargaining sessions and the
Full Court sessions. It’s an extremely technical
service” (Supreme Court Judge).

The reward dimension covers all the benefits rec-
ognized by the employer, which include the salary,
respect for superiors and support when carrying out
activities (Siegrist, 2008). With regard to the judges,
the results suggest that the rewards are incom-
mensurate on account of the weakness of the job
structure and the lack of support it provides. This
can lead to situations such as: “the pressure of the
Justice Department comes from the sheer number
of lawsuits. It doesn’t make the least difference what
the quality of the service is like and this causes a
good deal of conflict between the judges” (Assist-
ant Judge 4); “if some sentence has been delayed,
the system has to immediately inform the Justice
Department, to the extent that people feel they are
under surveillance the whole time. This affects the
standard of the service and the calm atmosphere
needed to make a decision” (High Court Judge 2).

The imbalance in the effort-reward model sug-
gests that there is a paradox between the rise in
the amount of effort that has to be expended on
the work and the disproportionate reward that is
received. This tends to have a negative reaction on
the thoughts of the worker (Siegrist, 2008), and
reveals the failure of the job structure and a corro-
sion of interpersonal relations (Dejours, 2001). It
can be best understood in the following testimony:
“we have a system that gives primacy to numbers
and to achieving goals. In a climate where heavy
stress is laid on numbers of the sentencing, I have
noticed that this area of work has swollen out of
all proportions, to the detriment of the quality.
This is terrible. Our system of working has even
affected our relations with colleagues who are now
beginning to regard themselves as competitors or
adversaries.” (Chief Judge 1).



The data also show that the closer ties between
the dimensions of effort and overcommitment have
also brought about negative feelings among the
workers. This can be confirmed by the following
comments: “my personal responsibilities are very
heavy and related to the feeling that they must be
fulfilled. I take on a great deal and in the last 5 years
I have been constantly feeling ill. I had a bout of
depression and a short time ago I discovered I had
psoriasis”; “I am the kind of judge who likes to end
the day with the task completed, but this means
that I am practically incapable of doing anything
else for the rest of the day” (High Court Judge).

It was found that when the Effort-Reward
Imbalance Model was applied to the sample,
87.55% of them in effect suffered from effort-
reward imbalance.

33 PHQ-9

By means of a judicial notice with a score of 10,
based on theoretical parameters (Wittkampf et al.,
2009), it was confirmed that 36.05% of the sample
suffered from major depressive disorder, with some
variation with regard to gender (males — 32.30%
and females — 39.84%). However, according to the
student’s t-test, for two independent samples, the
p-value is higher than 0.05 (p value = 0.179), which
is evidence that the differences between the sexes is
not statistically significant.

The data gathered in the interviews suggest the
existence of diagnosed mental diseases (“I had
psychiatric treatment for a time, after a period
in which I was involved in a lengthy procedural
hearing and reached the point of being diagnosed
with burnout syndrome” (Assistant Judge 1)). The
interviews reveal that other diseases were diag-
nosed that are not necessarily within the area of
mental health (“I had an attack of chronic gastritis
as a result of my work™ (High Court Judge 3), but
these are regarded by the judges as being caused by
exercising their professional activities.

34 NHP

In the 38 items of the NHP, attention should be
drawn to the following results: 33.1% stated that
they felt tired as a result of their work; 37.3% stated
that they felt downcast and depressed as a result
of their work; 25.1% stated that they had ceased
to take part in leisure activities as a result of their
work; 39.5% stated that they lost their temper very
easily on account of their work; 30.8% declared
that worrying about their work kept them awake
during the night; 37.6% declared that they slept
badly because of their work.

The statistical data of NHP provides important
information in terms of percentages about tension,
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irritation and tiredness caused by work and also by
the difficulty of breaking free from work. This can
be better understood from the following comments
of the judges: “when I get back home, I'm a men-
tal wreck (...) I'm quite unable to do anything. My
mind is vacant and this makes me annoyed. That’s
why I have to take some medicine to calm me down”
(Chief Judge 3); “There were days when I had to
take tranquillizers in the morning, afternoon and
evening so that I could face my work™ (Assistant
Judge 4); “when I take the oath at night and go on
to daybreak—this happened this week—I can’t sleep
any more, I feel trapped” (High Court Judge 1).

This means that apart from the problems of
health that can be diagnosed medically, the judges
describe pain, tiredness, and lack of energy that is
the outcome of their activities, pressure and the
complexity of their work.

But while recognising the existence of a commit-
ment to health on the part of the judges, the con-
tinuation of judicial activities can only be ensured
by the pleasure, which despite everything else, can
be derived from carrying out their work. This is
reflected in the following comment: “I think I was
born to be a judge. I feel particularly satisfied with
the magistracy” (Chief Judge 1); “I regard it as a
vocation. I enjoy what I do” (Chief Judge 5).

4 DISCUSSION

It can be noted that the environment of judicial
work is increasingly being pervaded by business
management with the adoption of principles of
operational efficiency, personnel management and
strategic planning, which has become so wide-
spread that it has exacerbated the problem of com-
petitiveness and individualism (Alves, 2014). This
has been recognized by the Brazilian magistracy
as “a scheme for taming the magistracy by turn-
ing judicial decisions into a kind of merchandise
within a productive rationalisation plan, without
any involvement or debate with the judges. When
we look at the business model that seeks to com-
bine the lowest cost possible with the greatest effort
within human capacity, we are working together to
create a definitive state or working environment
among judges and their staff that is profoundly
unhealthy” (High Court Judge 1).

While working on behalf of an objective that
seeks to speed up legal proceedings to the maxi-
mum extent, the judges are increasingly being pres-
surised by the working practices adopted by the
Brazilian Judiciary, to view the legal proceedings,
the hearing, the parties involved, and the sentence,
as nothing more than a number (Alves, 2014),
which can have a decisive effect on their salaries or
even the progress of their careers. In their reaction



to this situation, the judges made the following
comments: “we are moving away from a model
when judges were skilled craftsmen, to becom-
ing a judge whom I don’t know how to designate,
except that he is someone who has to fulfil goals
and hand out sentences in batches (...) The volume
of work is increasing all the time and people think
their colleagues at work are causing the problem.
People look at everyone else as an adversary and
lose any spirit of solidarity and they don’t face the
real problem, which is the way work is being organ-
ized” (Assistant Judge 3).

The discord in the judicial labour organisation
is reflected in the results obtained from the ERI-Q
tool, which indicates an effort-reward imbalance
of 87.55% in the sample investigated. This is com-
patible with the populations who are subjected to
a high degree of stress, such as in the area of edu-
cational management where the same model shows
that the directors of school centers have an imbal-
ance of 86.7% (Schreyer & Krause, 2016).

It should be noted that the deterioration of the
judicial labour organisation can be accounted for
by two factors, namely: a) the setting of goals by
the leading judicial authorities without the partici-
pation of the judges; and b) the difficulty of estab-
lishing close ties between the judges in the light of
their long days, which means they are denied emo-
tional support and have an adverse effect on their
family environment. With regard to these factors,
the judges state that “the policy of setting goals
goes from top to bottom and ends up by not being
the best policy (...) one way out would be to give
new thought to basing the labour organisation on
a democratic system of management” (Assistant
Judge 1); “I felt cut off from my family and found
myself not taking as much care of my children as I
should. My husband resented the fact and told me
that I should look after my family; all I wanted to
know about was my work” (Assistant Judge 3).

The defensive strategies adopted by the judges
to conceal the harmful effects of the judicial organ-
isation have not always been enough to overcome
the problems caused by tension, fatigue, irrita-
tion, anxiety and even what is strictly speaking ill
health.

The judges have said that in attempting to
hide the problem of pressure of work, they have
adopted, for example, “an arrangement with the
administrative authorities whereby having reached
a point in my work schedule, they will cease to pass
on any more lawsuits because if they continue to
do this, I'm going straight to my house to access
the Internet and open an Electronic Judicial Proc-
ess” (Chief Judge 2). Later on, he stated “a part of
your anxiety is caused by the fact that you are wor-
ried about the sheer volume of your work (...) then
symptoms began to appear of a neck pain when I

began to work the Electronic Judicial Proceedings”
(Chief Judge 2).

In a search for a restructuring of the Judici-
ary and for an environment that is conducive
to healthy legal work, measures have arisen for
restoring working conditions appropriate to
judges through a collective, supportive and demo-
cratic management system. This is confirmed by
the following comments: “it’s much easier to be
committed to a particular goal when I'm involved
in it because there is a subjective aspect to for-
mulating this goal or objective. Thus, I think this
involvement on the part of the judge is essential
both as a commitment and as a defined and fea-
sible aim that reflects a real situation” (Assistant
Judge 2); “I think that a democratic management
of the goals set out by the judges involved in the
work of the district would be highly beneficial
because the whole network and the whole collec-
tive structure that has been planned and discussed
would result in a better solution to the problem.”
(Chief Judge 4).

5 CONCLUSION

It can be concluded from the results of this inves-
tigation that currently judges are experiencing a
severe impairment to their physical and mental
health. This is aggravated by the emergence of a
logic of business management that has begun to
shape the way professional activities of the judici-
ary are carried out, and led to problems such as
the exacerbation of competitiveness, individualism
and the precarious nature of working conditions.

It should be underlined that during the data-
retrieval session (quantitative and qualitative) and
validation of the results (check Section 2.2), the
judges recognized that the restructuring of the
organisation of the judicial working environment
is essential if one seeks to design a model that can
reconcile the concept of judicial protection with
the quality of life of the magistracy.
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ABSTRACT: This paper reports a study made in a manufacturer of beverages (brewery), aimed at sup-
porting COSHH requirements (control of substances hazardous to health and the environment), under
REACH regulation (for registration, evaluation, authorization and restriction of chemicals). The work
was divided into two phases, the first of which consisted of a wide-range risk analysis to evaluate 291 recip-
ients containing chemical substances. It was concluded that all recipients were within an “acceptable” risk
level, but in specific cases improvement recommendations were made. The second phase was designed to
strengthen the previous one, by applying the method Safety Function Analysis (SFA) to assess the relevant
Safety Functions (SF) of a specific storage process. The latter covered both environmental and occupa-
tional safety issues. The results showed that the risk level of this recipient almost exceeded the “acceptabil-
ity” limit. In this case 22 SF were identified and evaluated. A few shortfalls were found and, consequently,
a number of recommendations were proposed to improve performance of the applicable SF.

1 INTRODUCTION risks for water and soil. An evaluation risk matrix
was created from scratch by the authors.
European Legislation for the control of hazardous To expand the assessment, in a second phase, a

substances, such as the EU-REACH Regulation  Safety Function Analysis (SFA) was applied to a
(concerning the registration, evaluation, authorisa-  specific large storage recipient. The recipient cho-
tion and restriction of chemicals) has been enforced  sen for this second assessment was a 10% ethanol
over time, mostly because of accidents that have  solution container (tank), because this equipment
occurred with dangerous chemicals (Vierendeels  had been recently installed in the company.
et al 2011). This topic is particularly important for The above mentioned method was created
industrial companies that require large quantities by Harms-Ringdahl in 2003 to evaluate Safety
of chemicals in their manufacturing processes. On  Functions (SF), but it has been recently updated
the other hand, these substances can have a major ~ (Harms-Ringdahl 2013). This author defines SF
impact on the environment if they are not properly  as: “a technical or organisational function, a human
controlled and dealt with. action, or a combination of these, that can reduce

The first stage of the current study addressed a  the probability andlor consequences of accidents
legal requirement on a beverages’ company con-  and other unwanted events in a system (Harms-
cerning the many chemicals used in their factory.  Ringdahl 2013). The purpose of this second analy-
This was designed to answer a legal request made  sis was to assess the performance (safety level) of
by APA (Agéncia Portuguesa do Ambiente), which  the referred new storage facility.
is the governmental agency for the protection of
the environment.

The objective was to assess whether this com- 2 METHODOLOGY
pany’s activity could contaminate, or not, the soil
and groundwater around it. To that purpose, all  As already mentioned, the study was made in two
the recipients containing chemical substances were ~ stages: A wide-ranging analysis of all chemicals,
systematically listed and verified. After that, a risk  followed by a specific study to determine the safety
analyses was carried out focusing on environmental  status of a new storage installation.
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2.1 Chemical substances—general analysis

The first extensive analysis followed the steps sum-
marised next.

Step 1 — Chemical Substances Verification—all
the chemical substances and waste used, produced
or released inside the company were recorded.

Step 2 — Creation of a matrix (analysis table )—a
matrix was created for subsequent evaluation of
each chemical. In this step, the potential to con-
taminate was firstly established through each sub-
stance Safety Data Sheet (SDS). Chemicals that
did not represent a potential hazard to the environ-
ment were excluded from the rest of the analysis.

Step 3 — Registration in the matrix of the quanti-
ties, storage area and how the substances were used-
the quantities of each chemical were registered
in this step, as well as their storage places (i.e.,
indoors or outdoors) and how the substance was
used in the premises/processes.

Step 4 — Exclusion of substances which quanti-
ties were bellow 1 tonne—all substances with accu-
mulated quantities bellow 1 tonne were excluded
from the rest of the analysis. It was considered
that a substance with a storage quantity below 1
tonne would have a very low impact on the soil and
groundwater around the company.

Step 5 — Exclusion of substances kept indoors,
inside the building (factory)—due to the type of
floor (impermeable) and the fact that all sewage
grids inside the building are connected to the fac-
tory Waste Water Treatment Plant (WWTP), all
substances usually kept or stored inside the build-
ing were excluded from the rest of the analysis.

Step 6 — Establishment of parameters and criteria.
Initial Risk Level (IRL)—for risk evaluation pur-
poses two parameters were established: Probability
(P) and Severity (S). These parameters are obtained
by addition of three characteristics, as detailed
below, and which criteria are explained in Table 1
and Table 2, respectively.

Table 1. Probability criteria.

Probability (Fu + Ft + Wt) (max score = 5+5+3)

Score Fu Ft Wit*

1 Less than Less than Fed directly to
once a once a the cistern/main
month month tank; distribu-

tion by internal
circuit

2 Once a month Once a month —
3 Twice a month Twice a month By forklift truck
4 Once a week  Once a week —
5 Once a day, Once a day, —
daily use daily
transport

* Only two levels are considered for scoring Wt.

Table 2. Severity criteria.

Severity (T + Mgs + Ps) (max score = 5+5+5)

Score  T* Mgs (ton)  Ps**

1 No “R” sentences 1-2 Solid

2 Irritating 3-6 -

3 - 7-12 -

4 Corrosive and/or 13-20 -
Harmful

5 Toxic/dangerous to the  >21 Liquid
environment

* Four levels for scoring T, ** Two levels for scoring Ps.

P = Frequency of use (Fu) + Frequency of
transportation (Ft) + Way of transportation

(Wt) (M
S = Toxicity (T) + Maximum quantity
stored (Mgs) + Physical state (Ps) 2)

Applicable definitions are (c. f Table 1):

Frequency of use (Fu): how many times the sub-
stance is used.

Frequency of transportation (Ft). how many
times the substance is transported in company
premises.

Way of transportation (Wt): represents the
mode of transportation normally used for each
substance.

Definitions for Table 2 are:

Toxicity: toxicity level, from each substance’s
SDS.

Maximum quantity stored: quantity (t) of sub-
stance that is stored inside the factory.

Physical state: The physical state of the
substance.

Still on step 6, the Initial Risk level (IRL) is esti-
mated by multiplying Probability and Severity, as
shown below.

Initial Risk level = Probability x Severity 3)

It is noteworthy saying that, when estimating
the initial risk level, any control measures already
implemented by the company are not taken into
account.

The two figures presented next (Figures 1-2)
show all the initial risk levels.

For each range of values (risk levels), the
action(s) to take were specified so that the com-
pany would know what to do.

Step 7 — Control Measures identification and
recording—all control measures already imple-
mented by the company were systematically iden-
tified and recorded, so that their impact on risk
control could be taken into account. The control
measures recorded were classified within one of
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Risk level
12-35

Acceptability decision (action)
Acceptable - the situation can stay as it
is
Significant - the applicable counter-
measures have to be planed as fast as
possible and executed in less than a year
Substantial - the applicable counter-
measures have to be planed as fast as
possible; have to be executed in less
than 3 months; the possibility of stop-
ping the activity should be considered
Unacceptable - the activity has to be
stopped until the implementation of ap-
propriate counter measures

=
=)

36 -77

78 - 121

=

=

>121

Figure 1. Risk level and acceptability decision.

Probability

Scores | 4 5 6 7|8 9 |10( 11 12 13
3112 | 15|18 |21|24| 27 (30| 33 | 36 | 39
4116 | 20| 24 |28|32| 36 (40| 44 | 48 | 52
5|20 | 25|30 |35|40| 45 (50| 55 | 60 | 65
6|24 | 30|36 |42|48| 54 [60| 66 | 72 | 78
7

8

9

28 | 35|42 |49 |56| 63 (70| 77 | 84 | 91
32 |40 [ 48 |56 64| 72 (80| 88 | 96 | 104
36 |45 |54 |63 |72| 81 |90 99
10| 40 | 50 | 60 | 70 |80 | 90 [100| 110
11|44 | 55 | 66 | 77 |88 | 99
12| 48 | 60 | 72 | 84 |96 120
13|52 | 65 | 78 | 91 117

14|56 | 70 | 84 | 98
15| 60 | 75 | 90 |105

Severity

Figure 2. Risk levels (depicting 4 levels of risk).

three classes: Technical (T), Organisational (O)
and Emergency & Rescue (E&R).

Step 8 — Impact leffect of the control measures
evaluation—for each class of control measure(s),
a reduction strategy was established, based on
the number of controls already in place, and their
expected impact in risk reduction (Table 3).

According to Table 3, if all relevant control
measures are in place and well-maintained, the
company estimates that maximum possible risk
reduction will be around 50% for the Technical,
20% for the Organizational, and 10% for the Emer-
gency & Rescue classes. This means a “residual
risk” of no less than 20%, since it was considered
that null risk was unattainable and unrealistic.

Step 9— Residual Risk Level (RRL) calculation—
after estimating the initial risk level and deciding
the impact coefficients of the control measures, the
Residual Risk Level was also estimated. The resid-
ual risk level was obtained by the equation below.

Residual Risk Level = IRR x [1-(T+O+E&R)] (4)

Step 10 — Comparing with acceptability
criteria—this step involved a comparison between

Table 3. Control measures—expected risk reduction.
Impact
Existing control measures  coefficient
Technical (a) The substance has a 5%
(T) specific storage place,
designed to the purpose
and well-maintained
(reduction of 5% on the
score of initial risk level)
(b) Additionally, thereisa  50%

well-maintained spill
containment system
(spill basin), ora WWTP
connection or an
automatic
monitoring (sensor)
of the liquid level
(total reduction
of 50% is now expected)
Organizational (c) A worker has been
(0) assigned to check
regularly the reduces
condition of the risk on
substance 5%

(d) Workers receive specific
training to deal with
dangerous substance

(e) Workers know where to
find (and interpret) the
applicable SDS

(f) Safety signs are
displayed and kept
in good condition
(cumulative effects are
considered)

(g) Containment kits are in
place (e.g.: sand bags,
buoys, etc.) reduces

(h) Workers are trained on risk on
how to act in case of a 5%
leak or spill
(cumulative effects are
considered)

Each
measure

Each
measure

Emergency
(E&R)

the results, i.c., the estimated RRL (residual risk)
and the acceptability criteria adopted (Table 3).
Step 11— Identifying improvement opportunities—
once risk assessment was concluded, the chemicals
representing a significant risk (soil and groundwa-
ter contamination) were pinpointed, for which the
analysts made improvement recommendations.

2.2 Safety Function Analysis

The last version of Safety Function Analysis (SFA)
(Harms-Ringdahl 2013) was applied in this case
for assessing the relevant Safety Functions (SF)
of a particularly large recipient (tank) containing
a 10% ethanol solution in water. The tank has a
capacity of 160 ton, almost 19 m height, and the
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alcohol solution is used in the cooling systems of
production equipment. There is a small control
room, equipped with sensors and gauges, for mon-
itoring the whole system (closed circuit).

Within the previous analysis, the residual risk
estimated for this tank was still “acceptable” but
near the “significant” level. On the other hand, this
is recently installed equipment and it was consid-
ered opportune to check its safety level.

This second analysis covered both occupational
and environmental aspects. Only a brief summary
of the method is given here because its detailed
description, as well as relevant information on
safety barriers and safety functions, can be found
elsewhere (e.g.: Harms-Ringdahl 2013, Beatriz
2013, Sklet 2006, Hollnagel 2004).

The first step of SFA consists of data collection,
as depicted in Figure 3. In the current study, data
collection was based on the results from the previ-
ous risk analysis, covering all chemical substances
existing in the company. The technical features of
the whole system, including the tank itself, were
also collected for study (e.g.: manufacturer’s man-
ual, operating instructions, maintenance proce-
dures, sensors and actuators, connections to other
systems, etc.).

The second step is to identify SF. All the Safety
Functions (SF) that are part of the tank were
studied.

The third step consists on the registration and
classification of each SF. Once again, to promote
continuity between this second study and the first
one, the SF were classified in the same way as the

1. Data collection

I

2. Identification of Safety Functions (SF)

I

3. Structuring and Classification of SF

J1

4. Evaluation of individual SF (paramet.)
a- Intention
b- Importance
c- Efficiency
d- Monitoring

e- Acceptability

1l

5. Decide Improvements

Figure 3.
2013).

Flowchart of SFA process (Harms-Ringdahl
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control measures: Technical (T), Organizational
(O) and Emergency & Rescue (E&S).

The fourth step of this method is the evaluation
of the SF. This evaluation is made through five
parameters that will be ranked. The first is Inten-
tion. This is used to evaluate whether a certain
function is, or not, primarily intended for safety
purposes. Intention is only an informative param-
eter, i.e., it does not enter the final estimation and
decision. However it is useful to promote a thor-
ough identification of all SF.

The second parameter is Importance. The mean-
ing of this parameter is to evaluate the influence
of an SF if an accident occurs; it goes from “very
low influence” to a “big influence”. The third one
is Efficiency. This parameter is estimated by the
probability of an SF working properly. It goes
from “very low” (<50%) to “very high” ($99.99%).

The next parameter is Monitoring. This param-
eter has two kinds of classification: the “need” for
monitoring and the “actual” level of monitoring.
The ranking code is given to the SF by a compari-
son between these two sub-parameters. Finally, the
last parameter is Acceptability. This one considers
a combination of the three previous parameters.
Using a “decision tree” which shows all possible
combinations, the analyst is able to derive a con-
clusion and decide on whether each SF needs, or
not, to be improved.

All these parameters, their respective rank-
ing, and assessment criteria have explicit tables
provided by the method (Harms-Ringdahl 2013,
Chapter 11).

The fifth and final step consists on proposing
recommendations for improvement based on the
results of the SFA analysis.

3 RESULTS AND DISCUSSION

3.1 General risk analysis

During the first phase, 291 recipients containing
chemical substances were recorded. At this early
stage 10 substances were excluded from the evalu-
ation because they did not represent a significant
hazard to the soil and groundwater in the vicinities.
Then, all substances for which their recipient capac-
ity was bellow one tonne were excluded too. The
last set of exclusions comprised all substances that
were stored inside de factory building (indoors).
After this “filtering” process, the remaining 42
substances were meticulously evaluated.

For all 42 cases, Probability and Severity were
scored to estimate initial risk level (Tables 1-2 and
Figures 1-2). This resulted in 12 substances clas-
sified in “Unacceptable” level, 27 in “Substantial”
level and 3 in the “Significant” level.



However, after the control measures were also
assessed (e.g.: Table 4), all the recipients showed to
be in the “Acceptable” level of risk. Nonetheless,
some improvement opportunities were found.

Recommendations from general analysis

Certain situations have drawn the authors’ atten-
tion, and recommendations were made. Of partic-
ular interest were some tanks kept outdoors, near
the cellars, whose labels were damaged and needing
replacement (e.g.: caustic soda tank). These tanks
have retention basins, but there is no connection
with the industrial sewage, which could become
a problem should their containment limit be
exceeded. Connection to industrial sewage would
decrease risk of spillage and contamination.

Another area of concern was the calcium chlo-
ride tank (outdoors), in the brewing area, as it is
located very close to pluvial sewers. Despite the
low probability, if the chemical leaks, it will drain
out to the pluvial sewers, contaminating waterways.
Once again, connection to the industrial swage sys-
tem is recommended.

The barrels line is the weakest spot and the less
protected area of the factory. The 1 tonne recipi-
ents should be stored inside the factory to have
connection with the Wastewater Treatment Plant
(WWTP) in the event of a spill. This situation
needs revaluation on a medium-term basis.

Table 4. Example of risk evaluation (scoring results).

Control Measures

Initial in place Residual
Risk Risk
Substance Level T O E&S Level
Ethanol 10% 108 50% 10% 10% 32.4
solution (70%
reduction
in total)
Table 5. Example of an SFA evaluation process.
SF ’g Process Evaluation
£
8
Type  Function s b c d e
T Pressure con- > o o0 %
(tech)  trollers— < = e g a
. < = =
analogicand 7 5 w8 g
digital "l’&mgvgmgﬁg
pressure “g £ g & 2
gauge(s) T g 8 % 2
E 7% 8
o
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Finally, the last element analysed was the 10%
ethanol solution storage tank. The main causes of
concern seem to be its location and lack of connec-
tion to the industrial sewerage. Relocating the tank
would be costly and difficult due to lack of space.
This is a new project that may need adjustments
and, therefore, it was selected for further analysis.

3.2 Safety function analysis results

This section presents the main findings from the
SFA application to the 10% ethanol tank. Within
this storage system (tank and associated controls),
22 SF were identified, recorded and evaluated.
Table 5, below, illustrates how the SF “Pressure
Control”, performed by two controllers, was coded
(or ranked) using the pre-defined criteria.

As the table shows, the “Pressure Control”
gauges are performing well, but improvement
can still be considered, such as a tight plan of
calibration and maintenance. Of the 22 SF evalu-
ated, 8 need improvement and 2 were found “not
existing”.

Recommendations from SFA analysis

The first SF assessed was the anti-fall protection
rail. This function is very important as it prevents
the fall of workers from the top of the tank (where
the rails are located). Despite being well ranked, a
life wire could be added to this SF to reduce risk
further.

The anti-collision barrier around the tank is
considered too low. If a truck bumps into it, it
could overtake this barrier and hit the ethanol
tank. So, increasing the barriers height is a practi-
cal recommendation.

Traffic rules for vehicles are an SF that also
performs reasonably well, but it needs continual
improvement. Near the tank, an audible alarm can
be added to the existing speed limit warning light,
to deter drivers from speeding up.

4 CONCLUSIONS

The first part of this work was designed to answer
a legal duty. To carry out this risk analysis a new
method was developed, which gave a significant
contribution to good practice and new knowledge
that will remain in the company. The methodol-
ogy applied allowed to derive important and use-
ful conclusions, namely for improving risk control
measures. It also allowed establishing that, as it is
now, there is a low level of environmental risk for
soil and waterways in the vicinity of the company
scrutinized.

The second part was focused on the analysis of
safety functions in a 10% ethanol solution tank.



This more detailed study allowed confirming that
this (new) tank holds a good safety level. Even so,
the SFA method applied was helpful to pinpoint
a few shortfalls, for which specific improvement
measures were recommended.
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ABSTRACT: Polycyclic Aromatic Hydrocarbons (PAHs) are ubiquitous environmental pollutants that
are mostly formed during incomplete combustion of organic materials (e.g. coal, oil, wood, and tobacco).
Many PAHs and their epoxides are highly toxic, mutagenic and carcinogenic to humans. Thus, the present
study assesses the total exposure to PAHs by the determination of 1-hydroxypyrene (10HPy) in the urine
of (non-smoking and smoking) firemen serving at four Portuguese fire corporations from the Northeast
of Portugal. The global median concentrations of 1OHPy ranged between 8.0 x 10~ to 6.3 x 10> umol/
mol creatinine in subjects. Urinary 1OHPYy levels were always below the benchmark of 0.5 pmol/mol cre-
atinine proposed by the American Conference of Governmental Industrial Hygienists for occupational
exposure to PAHs. Moderate to strong correlations were found between the urinary levels of 10HPy and
the number of cigarettes consumed per individual for some fire stations, seeming to reflect the impact of
tobacco consumption in firemen’ total exposure to PAHs.

1 INTRODUCTION sure to PAHs (Baxter et al., 2014; Fent & Evans,
2011; Fent et al., 2013, 2014; Kirk & Logan, 2015;
Every year Portugal is among the most affected  Oliveira et al., 2016a, b; Pleil et al., 2014; Robin-
European countries by forest fires (JRC, 2015). In  son et al., 2008). Regarding PAHs, the majority
2014, a total of 7067 fires occurred in national lands  of the studies available in the literature were con-
and forests, the northern and central regions of the  ducted in the United States of America and Aus-
country being the most affected areas (JRC, 2015).  tralia, being scarce the information for European
Surprisingly scarce studies are available in Europe  firemen, particularly in the most severely affected
concerning the occupational exposure of firemen  South-eastern countries such as Portugal, Spain,
(Barbonietal., 2010; Laitinen et al., 2010,2012; Ley-  Italy, Greece and France. Thus, assessment of fire-
endaet al., 2010; Miranda et al., 2010, 2012; Oliveira ~ men’ occupational exposure (background values
etal.,, 2015, 2016a, b). The pollutants that have been ~ and after participation in fire combats) to PAHs
under scrutiny by those reports are predominantly  is needed.
particulate matter, carbon monoxide, nitrogen diox- PAHs monitoring is complicated by the mixed
ide, and some volatile organic compounds. aerosol/vapor composition of airborne com-
Polycyclic Aromatic Hydrocarbons (PAHs) are ~ pounds and by the absorption of these chemicals
a large group of ubiquitous organic compounds  from inhalation, food ingestion and dermal con-
that are released during the incomplete combus-  tact. Human biomonitoring is the most appro-
tion of organic matter (Kim et al., 2013). PAHs  priate tool to estimate the total internal dose of
are well known for their cytotoxic, mutagenic = PAHs (Adetona et al., 2015; Leroyer et al., 2010).
and carcinogenic properties (IARC 2002, 2010a).  Urinary hydroxylated PAHs (OH-PAHs) are suit-
As a consequence, fire emissions have a signifi- able biomarkers of exposure to PAHs (Oliveira
cant contribution to firemen occupational expo- et al., 2015). Pyrene is one of the most abundant
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hydrocarbons in all PAH mixtures (Cirillo et al.,
2006; Gomes et al., 2013; Slezakova et al., 2010)
and about 90% of the total urinary excretion of
pyrene is in the form of 1-hydroxypyrene (10HPy)
(Tsai et al., 2003) making this metabolite the most
widely used biological indicator of internal dose
of exposure to PAHs. Bile, faeces, urine, and milk
are the principal elimination routes of PAHs and/
or their metabolites in human organisms (Franco
et al., 2008; Jongeenelen 2001; Likhachev et al.,
1992; Rey-Salgueiro et al., 2009). Among the many
different elimination routes of OH-PAHs, urine is
the easiest, cheapest and less invasive matrix to
determine biomarkers of exposure.

The present work determines the urinary levels
of 1OHPy (in non-smoking and smoking) firemen
serving at four Portuguese fire corporations from
the Northeast region of the country: Miranda
do Douro (MDD), Sendim (SDM), Mogadouro
(MGD), and Freixo de Espada a Cinta (FEC).

2 MATERIAL AND METHODS

2.1

The study population (Table 1) consisted in fire-
men serving at the fire corporations of MDD,
SDM, MGD, and FEC, located in the district of
Braganga, Portugal. After giving an informed con-
sent, each fireman filled a structured questionnaire
to assess relevant personal information on age,
weight, number of years as fireman; time dedicated
to firefighting activities in the last 48 hours; expo-
sure to environmental tobacco smoke and tobacco
smoking habits and also information on the most
frequently consumed meals (boiled, roasted, and
grilled) during the week before urine collection.

Firemen population and urine sampling

Table 1. Data characterizing firemen that participated
in the study.

Fire corporation

Data MDD SDM MGD FEC

n 18 24 12 24

Age (mean = SD; years) 3513 335 41£10 35£5

Weight (mean + SD; kg) 89422 91+16 83£15 77£10

Years as firefighter

<10 years (%) 33 50 25 50

> 10 years (%) 67 50 75 50

Smoking habits

Non-smoking (%) 50 25 50 25

Smoking (%) 50 75 50 75

Number of cigarettes per 9+6 16£5 2014 22+11
day (mean £ SD)
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Tobacco consumption constitutes one of the
most relevant sources of exposure to PAHs (IARC,
2004), reason why firemen from each fire corpora-
tion were divided into non-smoking and smoking
subjects (Table 1).

Urine sampling was conducted in the same day
for firemen serving at the same fire corporation.
Samples were collected from each subject at the
end of a regular work shift in sterilized polycar-
bonate containers. After collection, urine samples
were frozen at —20°C until analysis.

2.2 Chromatographic analysis

Urinary 10HPy was analyzed by liquid chroma-
tography with a fluorescence detector accord-
ing to Oliveira et al. (2016a). Urinary 10HPy
was detected at its optimum excitation/emission
wavelengths of 242/388 nm. Concentrations were
determined through calibration curves that were
prepared with standards of 1OHPy in methanol.
Detection (LOD) and quantification (LOQ) limits
were, in these conditions, 1.5 ng/L urine and 5.0
ng/L urine. The concentration of 1OHPy was nor-
malized with the urinary creatinine levels (umol/
mol) (Kanagasabapathy & Kumari, 2000).

3 RESULTS AND DISCUSSION

3.1

Globally, the mean age of the firemen that partici-
pated in this study ranged from 33 years (SDM) to
41 (MGD) years old, with a mean weight varying
from 77 kg (FEC) to 91 kg (SDM) (Table 1). All the
selected firemen reported not to be involved in any
kind of firefighting activities during the week before
the urine sampling, thus the attained values corre-
spond to non-fire settings, i.e., firemen occupational
exposure at fire stations. All subjects were healthy
and reported a diet exclusive of boiled, roasted, and
grilled meals within the five days before urine col-
lection, making the contribution of food to the fire-
men’ total exposure to PAHs negligible. Smoking
subjects reported a mean consumption of 9 (MDD)
to 22 (FEC) cigarettes per day (Table 1). Only fire-
men that were not exposed to environmental tobacco
were selected to the non-smoking group.

Urinary 1OHPy was detected in 89% of the non-
smoking subjects and in 82% of the samples from
smoking firemen. The median concentrations of
10HPy in the urine of Portuguese firemen (non-
smoking and smoking) are presented in Table 2.

The highest levels of 10HPy were found, by
descending order, MGD > FEC > MDD > SDM
for non-smoking firemen. For smoking individu-
als, a completely different sequence was found:

Urinary PAH metabolites



Table 2. Urinary 10HPy levels* (umol/mol creatinine;
median; min-max) determined in non-smoking and
smoking firemen.

Fire corporation

MDD SDM MGD FEC

Non-smoking

Median 22x1021.3%x102*6.3x 1072 3.6 x 1072
Min 1.8x102 1.0x 107 7.0x 1073 1.9 x 10~
Max 8.5x 1072 2.8x 102 0.13 5.2%x 107
Smoking

Median 2.1x1023.9%x102*8.0x 1072 2.0x 1072
Min 2.0x10%3.0x102 3.0x10*2.0x 10*
Max 0.11 8.7x102 1.9x1027.8x1072

*Whenever a concentration was below the LOD, the value
of LODA2 was considered (Hornung & Reed, 1990).
*Statistically significant differences (p<0.05; non-para-
metric Mann-Whitney U test) between non-smoking and
smoking firemen for each fire station.

SDM > MDD ~ FEC >> MGD, seeming to reflect
the impact of active smoking in the levels of the
urinary biomarker of PAHs. Overall, the maxi-
mum concentrations in the urine of firemen were
predominantly higher in smoking than in non-
smoking subjects, except for those working at the
MGD fire corporation (Table 2). Urinary 10HPy
levels increased up to 75% for firemen serving the
SDM fire station (p = 0.003).

Spearman correlation coefficients between the
urinary concentrations of 10HPy with the number
of cigarettes daily consumed by each fireman were
determined. Globally, positive and moderate to
strong correlations were found for firemen serving at
FEC (r=0.258; p>0.05), SDM (r=0.572; p=0.013),
and MGD (r = 0.949; p = 0.004) fire stations. Sub-
jects serving at the MDD fire corporation presented
a weak correlation, which was attributed to the
lower number of smoked cigarettes (Table 1).

There are no reference standard guidelines for
urinary OH-PAHs, only few recommended lim-
its that were proposed by some authors. In that
regard, Jongeneelen (2001) established, for the first
time, a no-biological effect limit of 1.4 umol/mol
creatinine (10HPy) for workers that were actively
exposed to PAHs. More recently, the American
Conference of Governmental Industrial Hygien-
ists proposed a benchmark level above 0.5 pmol/
mol creatinine for the post-shift urinary levels of
10HPy as indicative of occupational exposure to
PAHs (ACGIH, 2010). The urinary concentrations
of 10HPy among non-smoking and smoking Por-
tuguese were well below those recommendations.
Still, since firemen occupational exposure is clas-
sified as a possible carcinogen to humans (IARC,
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2010a; NIOSH, 2007) the monitorization of these
relevant biomarkers should be mandatory.

3.2 Comparison with other studies

Limited studies concerning firemen’ biomonitor-
ing are available in the literature, being scarce those
dedicated to PAH metabolites (Adetonaetal., 2015;
Caux et al., 2002; Edelman et al., 2003; Fernando
et al., 2016; Laitinen et al., 2010; Oliveira et al.,
2016a, b; Robinson et al., 2008) particularly those
that focused on European firemen (Laitinen et al.,
2010; Oliveira et al., 2016a, b). Concerning the
urinary levels of 1OHPy in non-smoking subjects
it was observed that the determined values were
in a close range with the concentrations reported
by Robinson et al. (2008) but slightly higher than
the levels determined by Edelman et al. (2003) in
a control group of firemen during the response
to the World Trade Center collapse. The urinary
concentrations of 10HPy determined in smoking
Portuguese firemen were globally lower than the
levels reported in firemen that actively participated
in firefighting activities (Caux et al., 2002; Laitinen
et al., 2010; Oliveira et al., 2016a).

4 CONCLUSIONS

The findings achieved in this study suggest that
occupational exposure of Portuguese firemen to
PAHs in non-fire settings is well below the recom-
mended limits. Still, evidences were found related
with the significant contribution of regular ciga-
rettes consumption to total firemen’ occupational
exposure to PAHs. Studies containing a higher
number of subjects from other fire corporations
and the use of other PAH metabolites, as well as
the inclusion of more than one spot urine sample
would help to validate these findings.
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ABSTRACT: The main purpose of this study is to analyse the improvement achieved on the
thermophysiological behaviour of sport players by the application of four human body cooling
techniques, namely: (/) immersion of hands and forearms in cold water at 10°C (during a period of
30 minutes before muscle warming of players and in the first 10 minutes of the interval); (i/) ingestion
of cold fluids at 5°C (300 ml in the beginning of the game and in the interval and 200 ml in each one
of the time-break periods); (iii) body cooling by exposure to an ambient temperature of 10°C (during
a period of 30 minutes before muscle warming of players and in the first 10 minutes of the interval);
and (iv) simultaneous application of the 3 previous techniques. Globally, the results indicate that
the three cooling techniques contribute to lowering the sportsman thermal state, but with distinct

efficiencies.

1 INTRODUCTION

In competitive sport the performance of athletes is
crucial and body temperature, dehydration and low
carbohydrate intake are among the most relevant
factors affecting that performance. While dehydra-
tion and carbohydrate intake are easy to correct, as
far as body temperature is concerned its control is
considerably more difficult. Athletes can produce
between 3 to 12 times more heat than at rest, which,
when combined with high ambient temperatures,
can compromise the human thermoregulatory sys-
tem, leading the body to hyperthermia (Sawka et al.
2011). Without the action of the thermoregulatory
mechanisms, 5 km of running would be sufficient
for the human body temperature to reach danger-
ous levels. At the beginning of the physical activ-
ity the body temperature rapidly increases because
heat production exceeds its dissipation. However,
with the increase of the hypothalamic temperature,
the human thermoregulatory system responds and
the regulation of body temperature becomes more
effective (Kenefick et al. 2007).

The practice of intense physical exercise in hot
and humid environments can cause athletes’ body
temperature higher than 39°C (Brade et al. 2013,
Adams et al. 2016). When this hyperthermic level
is attained, the athlete performance substantially
decreases and he is at serious risk of developing
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heat illness (Wendt et al. 2007, Wegmann et al.
2012). The more common exercise-related illnesses
reported in the literature are muscle cramping, heat
exhaustion (collapse during or after exercising),
introversion (violent sweating, loss of judgment,
amnesia, delusions, etc.) and heat stroke (fainting,
cessation of sweating, central nervous system alter-
ation, etc.) (Raimundo & Figueiredo 2009). Thus,
several authors recommend the use of cooling
strategies to mitigate the rise of body temperature,
prevent athlete’s performance degradation and the
developing of heat related illness during exercise in
hot conditions (Jones et al. 2012, Wegmann et al.
2012, Ross et al. 2013, Brade et al. 2014, Zhang
et al. 2014, Tyler et al. 2015, Bongers et al. 2015,
Racinais et al. 2015, Chan et al).

2 METHODS

In this study use was made of the HuTheReg soft-
ware (Raimundo et al. 2012) to predict the human
thermophysiological response. Its main module
is based on the Stolwijk (1971) thermoregulation
model, improved with knowledge of the litera-
ture (Fiala et al. 1999; Tanabe et al. 2002). When
compared with the original Stolwijk model, the
present numerical calculations show important
enhancements. In this 89-node model the human



body is assumed divided in 22 segments (face, scalp,
neck, chest, abdomen, upper back, lower back, pel-
vis, left shoulder, right shoulder, left arm, right arm,
left forearm, right forearm, left hand, right hand,
left thigh, right thigh, left leg, right leg, left foot and
right foot). Each body segment is composed by 4
layers (core, muscle, fat and skin) and the 89th node
is the central blood compartment.

The loss of heat by respiration is supposed to
occur across the elements of the pulmonary tract.
The repartition coefficients proposed by Fiala et al.
(1999) were followed and the respiratory heat loss
was imputed 20% to the core of the face, 25% to the
muscle layer of the face, 25% to the muscle band of
the neck and 30% to the core of the chest (lungs).

The heat and water transport through cloth-
ing is accounted using the model described in
Havenith et al. (2002) and ISO 9920 (2007). This
model is applied to each specific human body seg-
ment. Then, individual values of clothing insula-
tion (/,) and of vapour permeability efficiency
(i,,) must be specified for each of the 22 human
body segments considered. Each section is either
completely clothed or nude. In order to consider
the reduction of insulation due to body move-
ments, the 7, value at each human body segment is
adjusted according to the person activity using the
relations proposed by Oliveira et al. (2011).

The convective heat transfer phenomena are
described using empirical relations derived from
thermal manikin experiments obtained by Quin-
tela et al. (2004) for natural convection and by
Havenith et al. (2002) for forced convection. The
effective radiation areas and Gebhart absorption
factors, needed for the calculation of the radiation
components on each human body segment, are
determined by a set of expressions established using
a radiation program implemented by Raimundo
et al. (2004), which are valid for a person with differ-
ent postures: standing, sitting, supine and prone.

3 MATERIAL

In the present work two sports were considered:
Basketball and Football (eleven). In both cases the
clothing ensemble comprises the following items:
t-shirt, drawers/boxers, shorts, socks and slippers
(basketball) or football boots.

To set the required properties of the clothing
and its distribution over the various sections of
the human body, ISO 9920 (2007), Raimundo &
Figueiredo (2009) and Oliveira et al. (2011) were
taken into account. More specifically, vapour per-
meability efficiencies /,, = 1.0 for nude segments,
i,,=0.34 for clothed and 7,,= 0.20 for feet were con-
sidered. The values for the emissivity were €= 0.93
for nude segments and £=0.90 for not-nude. In the
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case of the individual intrinsic clothing insulation
1,=0 clo was used for nude segments, /,= 0.1 clo
for shoulders, thighs and legs, I,=0.2 clo for chest
and back sections, 7, = 0.3 clo for pelvic zone and
1, =0.6 clo for feet, which corresponds to a global
value of 1,=0.146 clo.

3.1

Human beings are homoeothermic, that is, they
are capable of regulating their body temperature
in order to keep it within the range of “normal
thermoregulation” (hypothalamic temperature
between 34 and 39°C, Raimundo & Figueiredo
2009). Outside this range their thermoregulation
system becomes unbalanced (Taylor 2006), being
endangered their physical and mental capabilities
(Wendt et al. 2007, Wegmann et al. 2012). During
exercise in hot environments, the increase of core
body temperature reduces both muscle contract-
ibility and central motor drive stimulus, leading to
an overall muscle performance weakening (Cheung
2008, Duffield et al. 2010, Xu et al. 2013). It is also
established that the thermal body state in which the
physical and mental abilities of a person reach their
maximum corresponds to the midpoint of “normal
thermoregulation” (Hanna & Tait 2015). Then,
it can be expected that this is the thermal state in
which an athlete reaches his best performance.

In order to approximate the body thermal state
of athletes to its optimum physical and mental
performance, four body cooling techniques were
tested: (/) IHFCW—immersion of hands and
forearms in cold water at 10°C (during a period
of 30 minutes before player’s muscle warming and
in the first 10 minutes of the interval); (if) ICF5—
ingestion of cold fluids at 5°C (300 ml in the begin-
ning of the game and in the interval and 200 ml in
each one of the time-break); (iii) ECA10—expo-
sure to a cold ambient at 10°C (during a period
of 30 minutes before player’s muscle warming
and in the first 10 minutes of the interval); and
(iv) ALL3—simultaneous application of the 3 pre-
vious techniques. To serve as a reference (Control)
the software HuTheReg was also used to provide a
prediction when no cooling technique is applied.

Cooling techniques

3.2 Sports’ protocols

The human muscles are surprisingly ineffective,
i.e. they tend to produce more heat than mechani-
cal work. For a person with a 50% training level,
during physical activity around 70 to 80% of the
energy produced by the muscles is on the form of
heat (Wendt er al. 2007, Sawka et al. 2011). With
the increase of training level muscle efficiency rises
substantially, improving the mechanical work pro-
duced in relation to the heat that is generated.



A Dbasketball player with 1.90 m high, 85 kg
of mass, 10% of fat and 90% of training level
was assumed. Table 1 shows the protocol, which
includes the game periods, those before that, the
main interval and the time-breaks. The athlete’s
optimal thermal state was assumed at the begin-
ning of the process.

Basketball is assumed here as a sport traditionally
played indoors in sports halls. To establish the charac-
teristics of each phase statistical information of real
games available in Pereira (2005) was used. To assess
the level of metabolic activity the methods proposed
in ISO 8996 (2004) were taken into account. As a
result of this process, the following parameters were
considered for the game phases: air temperature
T, = 23°C, mean radiant temperature 7, = 23°C,
relative humidity RH = 90%, athlete’s average veloc-
ity V' =4 m/s, activity level M = 8 met. The muscle
warming and time-break phases occurred in the
same environment, but with a lower level of veloc-
ity and activity, respectively V' =2 m/s, M = 2.4 met
and V=1 m/s, M = 1.2 met. The interval and pause
phases are characterized by 7, = 23°C, T, = 23°C,
RH=170%, V=0.5m/s and M =1.2 met.

It was assumed a football player with 1.75 m
high, 75 kg of mass, 10% of fat and 90% of train-
ing level. Table 2 shows the protocol for this case,
which includes the game periods, the ones before
that and the main interval. The athlete’s optimal

Table 1. Protocol of the basketball player.
Duration Control IAFCW  ICF5 ECAI10
30 min Pause Pause Pause Pause
+ + + +
Neutral ITAFCW  Neutral ECAI10
5 min Muscle Muscle Muscle Muscle
warming warming warming warming
S min Pause Pause Pause Pause
+
ICF5
10 min Game Game Game Game
2 min Time Time Time Time
break break break +  break
ICF5
10 min Game Game Game Game
10 min Interval  Interval Interval Interval
+ +
IAFCW ECAI10
5 min Interval  Interval Interval Interval
+
ICF5
10 min Game Game Game Game
2 min Time Time Time Time
break break break + break
ICF5
10 min Game Game Game Game
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Table 2. Protocol of the football player.

Duration Control IAFCW ICF5 ECA10
30 min Pause Pause Pause Pause
+ + + +
Neutral IAFCW  Neutral ECA10
S min Muscle Muscle Muscle Muscle
warming warming warming warming
S min Pause Pause Pause Pause
+
ICF5
45 min Game Game Game Game
10 min Interval Interval Interval Interval
+ +
IAFCW ECA10
5 min Interval Interval Interval Interval
+
ICF5
45 min Game Game Game Game

thermal state was once again assumed at the begin-
ning of the process.

Football is a sport traditionally played outdoors
in stadiums. In this work it was considered that the
game takes place during the diurnal part of the day,
so it was assumed for the outside phases a solar radi-
ation of 500 W/m? coming from overhead, 100 W/
m? from below and 200 W/m? from the horizontal
directions. To establish the characteristics of each
phase statistical information of real games available
in Caixinha et al. (2004) was used. To obtain the
level of metabolic activity the methods defined in
ISO 8996 (2004) were used. As result of this process,
it was considered for the game phases (outdoors)
T, =23°C, T, =23°C, RH=170%, V=3 m/s and
M = 6 met. The muscle warming phase occurred in
the same environment, but with a moderate level of
velocity and activity, V' =2 m/s and M = 2.4 met.
The interval and pause phases (indoors) are char-
acterized by T, = 23°C, T, = 23°C, RH = 70%,

ir mr

V=0.5m/s and M =1.2 met.

4 RESULTS AND DISCUSSION

Although the software HuTheReg can produce a
wide range of outputs, the values of the heat accu-
mulated in the human body per square meter of
skin area (Q,,,,,,, Wh/m?), the rectal (T,,,,, °C) and
the hypothalamus (7),,, °C) temperatures were
selected for this work.

4.1 Basketball

Figure 1 shows the evolution of the heat stored in
the body (Q,,,.,) of the basketball player for the
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Figure 1. Evolution of heat stored of the basketball

player.

reference situation (Control) and for the cooling
techniques IHFCW, ICFS5, ECA10 and ALL3).

The more efficient individual body cooling tech-
nique is the ECA10. When compared to other indi-
vidual techniques (IHFCW and ICFS5), not only it
leads to the lowest values of Q. but also assures
lower human body temperatures. This is mainly
due to the fact that the athletes start the game with
a more reduced body temperature.

The body cooling technique by intake of cold fluid
(ICF5) has a reduced efficiency. Although better
than the previous, the efficiency of dipping the arms
and forearms in cold water IHFCW) is moderate.

As expected, the simultaneous application of
the 3 techniques under study (ALL3) produces the
best results. As shown in Figure 2, when compared
to the control situation, this strategy can ensure
a much more favorable body thermal state, hence
enhancing the performance of basketball players.

4.2 Football

Figure 3 shows the evolution of heat stored in the
body (Q,,,..) of the football player for the reference
situation (Control) and the four cooling strategies
(IHFCW, ICF5, ECA10 and ALL3).

As in the case of basketball, the more effective
individual cooling technique is the body cooling
by exposure to cold air at 10°C (ECA10). When
compared to the control situation and to the other
tested techniques (IHFCW and ICF5), this method
guarantees a lower level of heat stored in the human
body, thus ensuring lower body temperatures.

Once again, the simultaneous application of
all techniques (ALL3) promotes a better thermal
state of the football player when compared with
the separate application of each protective meas-
ure. According to Figure 4, when compared to the
control situation, this strategy can ensure a much
more favorable body thermal state, thus prone to
enhance performance.
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Figure 2. Thermal state of the basketball player.
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Figure 4. Thermal state of the football player.

5 CONCLUSIONS

In this study a human thermoregulation software
was used to evaluate the thermophysiological
response of athletes playing basketball and foot-
ball. Since player’s performance decreases with
high body temperature, the focus of the present
study was to analyze strategies to lower the sports-
man thermal state.

Four human body cooling protocols were tested:
(7) immersion of hands and forearms in water at
10°C (during a period of 30 minutes before player’s
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muscle warming and in the first 10 minutes of the
interval); (if) ingestion of cold fluids at 5°C (300 ml
in the beginning of the game and in the interval
and 200 ml in each one of the time-break); (iii)
body cooling by exposure to an ambient at 10°C
(during a period of 30 minutes before player’s
muscle warming and in the first 10 minutes of the
interval); and (iv) simultaneous application of all
techniques.

Globally, the results indicate that the three indi-
vidual cooling techniques contribute to the lower-
ing of the sportsman thermal state, but with distinct
efficiencies. In terms of human body thermal state,
the intake of cold drinks is only very slightly effec-
tive. The immersion of hands and forearms in water
at 10°C is more beneficial, but even so its effective-
ness is moderate. The body cooling technique by
exposure to an ambient of 10°C (before players
warming and during the interval) presents a very
good efficiency in terms of control of the athlete
body temperature. Between the tested scenarios,
this cooling strategy presents the more favorable
body thermal state. If possible, the simultaneous
application of the three cooling techniques is a
good solution for lowering the player body tem-
perature and, theoretically, to improve perform-
ance. These findings are in good agreement with
other research studies (Zhang et al. 2014, Tyler
et al. 2015, Bongers et al. 2015, Racinais et al.
2015, Zimmermann & Landers 2015, Onitsuka et
al. 2015, Chan et al. 2016).

The effects on athlete’s health of frequently
application of body cooling procedures is not yet
completely clarified. The only concern reported
in the literature is the increase of propensity to
muscle injuries, namely if vigorous active cooling
methods are applied to lower limbs. Then, to avoid
the appearance of undesired health effects, the ath-
lete’s body cooling active strategies should only be
applied when the environment conditions can lead
to hyperthermia (Tyler et al. 2015, Racinais et al.
2015).
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ABSTRACT: In a scenario of economic hardships, it was understood by Brazilian civil construction
businessmen that investments in the area of workplace safety minimized indemnity costs and reduces rates
of absenteeism (workers being away from work). The objective was to implement five tools of workplace
safety management (Daily Safety Dialogue, Investigation of Accidents, Preliminary Analysis of Risks,
Permission to Work, Safety Inspections) in a medium-sized civil construction company in Pernambuco—
Brasil, aiming to contribute to the reduction of accident rates and financial impact for the company. First,
a diagnosis was applied with the research, and, after implantation, the research was repeated again after
three years. The results reached indicate an improvement in communication within the workplace and a
reduction in the number of accidents with and without worker absence, as well as an increase in training
hours per worker. It is also verifiable that the tools are still being used.

1 INTRODUCTION To Melo (2011), company managers have also
begun to realize an ever-increasing level of require-
Brasil currently undergoes a hard time in its ment from clients in the real estate market. These
economy. According to the Brazilian Institute of  circumstances lead those businessmen to realize
Geography and Statistics, Instituto Brasileiro de  the need for investments in supplementary systems
Geografia e Estatistica—IBGE (2016), between like quality, professional management and new
October and December of 2015, national GDP  technologies of information.
showed negative variation of 3,8% in relation to Another important point to be evaluated within
the previous year, and such a result, according to  this context is the cost arising from workplace acci-
the Institute, was the greatest retraction in a his-  dents. To measure such a cost is a hard undertak-
toric series of similar retractions which began in  ing, for it involves a series of variables, especially if
1996. it culminates in the death of the worker, because the
In this scenario of uncertainties, it is under-  price of a life is invaluable. So it stands to reason
standable that the entire industry took a significant  that businessmen understood that investing in pre-
hit, with civil construction in particular misfortune  vention proves infinitely cheaper than dealing with
due to the reduction in the impetus for building the costs of each accident that occurs. It’s within
in the residential sector caused by elevated stocks  this context that many building companies have
accumulated by the construction companies in  been searching, in other sectors of the industry,
2012 and 2013 (IBGE, 2016). for some theories and working tools. Such experi-
Facing this reality, it is of utmost importance ences lived by others different branches need to be
that the companies find new ways to ensure their  adapted to the reality of civil construction, for this
survival in an increasingly hostile market, inter-  sector showcases characteristics that distinguish it
nally creating an environment that is suitable to  from the others (Todeschini, 2009).
increase their profits. In this scenario, the invest- The product of civil construction is unique to
ment in actions promoting safety and health in the =~ each work, not showcasing a serialised, homoge-
workplace seems like a good strategic action dur-  neous production found in other sectors. Other
ing a time of crisis (Lago, 2006). important characteristics are the lack of qualifica-
Nowadays, investing in safety and quality of life  tion in the general workforce and the nearly arti-
of the workers became much more than an obli-  sanal character of its processes. The incapacity of
gation or an enforced regulation. The investments  fixating itself in just one place and the outsourcing
in the area avoid labour-related lawsuits as well as  also help creating a reality that is unique to this
decreasing levels of absenteeism due to accidents. industry.
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All those specificities make the branch of civil
construction peculiar and impose certain obstacles
for the implementation of some management tools
already broadly used in other industry sectors.
However, other tools can be easily implemented
and may bring a great benefit to the workers of
construction companies, improving their quality
of life, the relationship and communication with
their colleagues and their outlook on prevention
of accidents (Melo, 2011).

All those changes are very positive to the com-
pany and promote many benefits to the business-
men and their organizations.

In order to complete this paper, five tools of
Safety and Workplace Health Management were
studied and applied, them being: Daily Safety
Dialogue (DDS), Investigation of Accidents (IA),
Preliminary Analysis of Risk (APR), Permission
to Work (PT), Safety Inspections (IS).

The choice for these tools was due to the low
complexity in their implementation and their
broad use by various industry sectors.

Over this paper, the theoretical bases of these
tools were studied and, after that, they were imple-
mented at some work sites owned by a building
company acting in the metropolitan region of the
city of Recife—Pernambuco—Brazil.

2 METHOD

In order to develop this paper, it was made the
choice of some management tools such as Daily
Safety Dialogue (DDS) aimed at awakening in
the collaborator the awareness involving his daily
activities, concerning his safety, the environment,
health and quality. It was applied in a time period
of 5 to 15 minutes, always before the beginning of
the work hours, time reserved for discussions and
basic instructions of the issues linked to prevention
of accidents related to health and safety, Investiga-
tion of Accidents (IA) all accidents with or with-
out absenteeism during the sampled period in the
company were investigated with the objective of
exploring the reasons and identifying the causes,
Preliminary Analysis of Risk (APR) technique for
prior assessment of the present risks involved in
the undertaking of a specific work. It is based on
the thorough breakdown of each step of the job, as
well as the involved risks, Permission to Work (PT)
authorizes, through written notice, the beginning
of the service, after evaluating the risks through
prior assessments, with the due proposition of
applicable safety measures, Safety Inspections (IS)
the main objective behind the safety inspections
was detecting the possible causes which could lead
to accidents, aiming to take or propose measures
which eliminate or neutralize the risks of workplace
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accidents. They were carried through a checklist,
and instrument of control, comprised of a selec-
tion of conducts, names, items or tasks which must
be remembered and\or followed.

After acquiring knowledge about these, steps
were taken to implement them in three vertical
building sites of the company during a six month
timeframe. Afterwards, a survey was taken and
elaborated for the staff working on those work-
places chosen for the case study in Recife.

The survey was taken in three distinct moments:
at the beginning of the work (on September 2012)
for diagnosing to what level the workplaces would
be able to use the management tools to be imple-
mented; 6 months after starting to implement the
tools (on April 2013), aiming to verify the exist-
ence or lack thereof of benefits coming from the
process and on September 2015, two years and five
months after the last survey was taken, aiming to
find out if the tools were still being used, proving
functional and aggregating value to the work. In
this third moment, the survey was implemented in
three workplaces differing from those researched
initially considering that the research on these was
already concluded. The accident rates were also
verified in the workplaces researched in the six
months previous to the beginning of the imple-
mentation of the tools, comparing this rate with
the quantity of accidents that occurred over six
months of implementation and over the following
two years and five months.

From the information collected in the survey and
the analyses of the results of the accident figures
and hours of training, it is possible to verify that
implementing the tools turned out to be beneficial
to the company concerning safety and health in the
workplace.

3 RESULTS

As a result from the research, it was verified that
the communication of issues related to Safety
and Health in the workplace improved. In the
first moments, the workers only knew two forms
of communication, them being either leaflets or
direct conversation with the Safety Officer. After
implementing the Daily Safety Dialogues (DDS),
one of the tools, a new channel surfaced; the meet-
ings, or trainings taking place over the six months
of implementation. In the third research we evi-
denced through the answers that the communica-
tion through Safety Officers and through meetings
was increasing over the one conducted through the
formerly broadly used leaflets.

The methods of conversation were evalu-
ated, and it was possible to verify that the work-
ers considered that the process improved after



implementing the management tools, that is, before
implementing the Daily Safety Dialogues (DDS),
communication of health and safety-related issues
was deficient and carried on in passive fashion (the
aforementioned leaflets). The implementation of
the tool made communication with the workers
more direct, more active, giving the opportunity to
verify their opinions and evaluate their comprehen-
sion. This change led the workers to have a more
positive outlook on the evaluation of the methods.
Another point worth mentioning is, after three
years of the project’s beginning, the tool was still
being used even after the conclusion of the work.

The workers also evaluated the investigation of
accidents within the work site. In the first research,
only 63,13% of them evaluated the investigation
method as good or great.

On the other hand, in the second research, 89,4%
of the workers evaluated the method as good, great
or excellent, which showcases that with the imple-
mentation of the tool to analyze accidents, the
workers noted an improvement over the previous
form of investigation. This can be attested taking
into account that previously the investigation was
based around just having a conversation with the
injured individual.

After implementing the tool, “the tree of causes”
and the “five whys” methods began to be utilized,
and CIPA (internal commission for the prevention
of accidents) began to participate in investigations
and the Sheet of Analysis of Accident was imple-
mented. These changes were assimilated by the
workers. Still evaluating the methods of investiga-
tion, the research tried to find out who usually par-
ticipated in such undertaking. In the first research,
the vast majority (72,73%) answered that this task
was carried by the Safety Officer and the injured
person. In the second research, after implementing
the tool, it was verified that 54,54% of the work-
ers informed that the task was also being carried
out by CIPA alongside the Safety Officer. In a
third moment, it was possible to notice a constancy
between this result, which grew to a number of
66,16%. This last result demonstrates, echoing what
was observed in the last visit to the workplace, that
the tool remains in use. The workers also voiced
their opinion on how the analysis of risk inher-
ent to the task took place before the beginning of
activities at the building site. In the first research,
most workers (75,3%) answers that this analysis
was seldom made. In the second research, it was
observed that 54,39% of the interviewees answered
that it was always made. In the third research,
83,4% workers answered that it was always made,
thus attesting the success of the tool’s implementa-
tion, which remained in use until the last research.

This proved beneficial to the company, which
began acknowledging and evaluating the risks

125

existent in tasks carried out by workers, then
proposing actions to eliminate or reduce the
occurrence of such risks. The workers were also
questioned about the existence of any procedure
concerning the all-clear to take on a task before its
initiation and what was, for them, the importance
of such a procedure. In the first research, the vast
majority of interviewees answered that there was
no such procedure, but that they would consider
it to be important. In the second research, the vast
majority answered that yes, such procedure existed
and 100% of workers considered the adoption of
a procedure to give an all-clear to be important.
This new result would be a reflection of the imple-
mentation of the tool for Permission of Work (PT)
which authorized, in written form, the beginning
of services of excavation and tasks undertaken in
great heights, evaluating the risks inherent to these
assignments in a preliminary analysis and propos-
ing adequate safety measures for these. In the third
research, it is noticeable that the percentage of
workers who answered that the procedure existed
was even bigger and 100% of the interviewees who
considered it important remained with the same
viewpoint, thus concluding the tool was still being
used and unanimously deemed important.

Concerning the frequency in which safety inspec-
tions were carried out, 63,64% of the interviewees
from the first research answered that most of the
time the inspection was carried out and 100% of
those who answered considered those to be impor-
tant. From this scenario, following observations
made in the building sites, we can conclude that
the Safety Officers carried out inspections infor-
mally, without a definite periodicity. As a reflex
of the application of the management tool, this
percentage changed, with the majority of work-
ers (66,66%) answering that the inspections were
always carried out. In that phase, inspections hap-
pened in a more systematic and periodic fashion.
In the third research, it was verified that 71,72%
of workers who were questioned answered that
the inspections always took place, which proves
that such inspections became commonplace at
the building site even after the conclusion of the
study.

Visiting the sites, it was noticed that the initial
check-list was upgraded and that CIPA was par-
ticipating in a more active way when it comes to
safety inspections. Concerning the performance
of safety professionals, the first research shows a
division in opinions which evaluated such perform-
ance as good and great. In the second research, it is
noticeable that the percentage of excellent evalua-
tions grew by 60%. In conclusion, this is due to the
implementation of management tools, providing a
greater degree of interaction between safety pro-
fessionals and workers.
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Together with the data obtained through the
surveys, it was also sought out to gather informa-
tion on the hours of training per worker and the
number of accidents with or without absenteeism
occurring in the company six months before the
beginning of the implementation of the tools, in
the six months during said implementation, and
the six months before the third research.

Evaluating the results, it is noticeable that
between the first and second moments, the number
of accidents which led to a worker being absent
from the site decreased 33,3% and the ones with-
out absenteeism decreased 14,3%. The hours of
training per worker increased 55,9% after the tools
were implemented. This result is probably due to
the increased awareness concerning workplace
safety passed on to workers through the Daily
Safety Dialogues. In a third moment, that is, in the
six months preceding the third research (March
to August 2015), we observe a discreet increase in
accidents leading to absenteeism in relation to the
results on the last term, something around 16%
and a considerable decrease in the cases without
absenteeism, 50% (Graphic 1).

4 CONCLUSIONS

The general objective of this paper was to point
out that the tools chosen for this study were of easy
application, susceptible to be used at building sites
and helpful in decreasing the rates of accidents, thus
bringing benefits to the health and safety of the
worker, and consequently causing a positive finan-
cial impact to the company. The tools were applied
at the sampled sites with the agreement of all those
involved and without hindrances. It was verified a
general acceptance coming from workers concern-
ing the suggested changes, culminating in their
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reported satisfaction. According to the result of the
researches, it was possible to notice that the aspects
linked to safety and health in the sites went through
considerable improvement. Workers became more
participatory and well-informed. Safety technicians
started to systematize some procedures such as
safety inspections, risk analyses and the permissions
to work, which generated a positive outcome con-
cerning the prevention of accidents. These results
could be felt as accidents became less frequent (both
with and without absenteeism) in the months during
which the tools were applied, and in the increase of
hours of training, which can be attributed also to
the Daily Safety Dialogue, the analyses of accidents
and the other similar practices that became common
at the sites. With the observation of the reality of the
sites before and after the tools were implemented,
alongside the results of researches conducted with
the staff, it can be concluded that this paper came
to contribute somehow to an improvement in the
Safety Management and Occupational Health at the
sampled building sites. As for the tools’ longevity,
the results were also satisfactory, as it was noticed
that they were still being used in the company’s new
projects after two years and five months subsequent
to their implementation, even after the study’s con-
clusion. We believe that by the end of this paper we
have attained the goals set. The tools were imple-
mented and brought benefits to the sites, to the
workers and consequently to the whole company.
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ABSTRACT: The aim of this study was to make a literature review relative to whole-body vibration
exposure when driving forklifts, in particular on: health effects, exposure constraints, assessment
methodologies, reduction strategies and corrective measures. The results of this research showed a strong
relationship between the Low-Back Pain (LBP) risk and driving forklifts. They showed factors that worsen
exposure such as individual factors, physical factors, intrinsic factors at work. It attaches great importance
to the worker’s occupational and medical history when evaluating his exposure.

Keywords:

1 INTRODUCTION
The Whole-Body Vibration (WBV) exposure shows
consequent effects, becoming the most significant
as a Low Back Pain (LBP) and spinal injuries.
These effects are compounded by excessive expo-
sure, long duration and high amplitude vibration.
The work conditions are reflected in the produc-
tivity, where in the presence of good environmental
physic conditions, we have more energy to achieve
a particular result, producing more with less effort.
However, when the working conditions are unfa-
vourable, the level of discomfort or irritation is
quickly reached, leading to fatigue, lack of motiva-
tion, deconcentration and consequently to the drop
in production. The risks associated with exposure of
workers to mechanical vibration shall be eliminated
or reduced. When the value of the exposure action is
exceeded, we must apply organizational and techni-
cal measures to reduce exposure. The organizational
measures aim to reduce the daily exposure time to
vibration, taking breaks at work and rotation of jobs.
Technical measures aim to reduce the vibration inten-
sity to the human body, acting on the source of vibra-
tion or in the transmission to the body. The employer
must act in order to apply measures that reduce the
exposure, identify the causes of the value exceeding,
and fix the protection and preventive measures.

2 RESEARCH METHODOLOGY

The literature search was based on the system-
atic review methodology referenced in PRISMA
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Statement, through SDI—Documentation and
Information Service of FEUP, by an integrated
search in the database in the form of Meta Search.
The type of resource used was the “Database”, and
the survey was conducted separately for each data-
base. Six advanced search Databases were selected,
taking into account those that are relevant to this
study. We selected three groups of key words each
corresponding to a set of words of the same subject/
area: Group [—Vibration in forklift driving; Group
II—Nordic Questionnaire and associated symp-
toms; Group III-—Storage and Transporting Indus-
tries. The search was performed in the “advanced
search” mode, in which boolean terms/operators
(“and”/“or”) were used to connect the words in a
text field and between different text fields. After
the first search it was recorded the number of items
found. Later exclusion criteria were applied to fur-
ther refine search and direct it as much as possible
for relevant content to the dissertation topic and in
order to have the most current information possible.
Thus the following criteria in order were applied:

— Limit only “Journal Articles” or “Article Reviews”;
— Refine to: Publication year higher than 2000;

— Exclusion of repeated articles;

— Limit only the English language;

— Refine by keywords;

— Refine by title;

— Refine by content/abstract.

In the first phase of this research, 465 articles
were found, of which 9 articles were considered
relevant to integrate the literature review. Only
in Inspect and Web of Science databases was not
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applied the criterion “higher than year 2000” due
to the reduced number of articles found in the
first phase of research. As a result of the previous
research, there were only 9 articles that were not
sufficiently specific and with data that did not show
the conclusions made, it was necessary to make an
analysis of the literature of these nine articles.

3 RESULTS AND DISCUSSION

3.1 Research results

As a result of the research were found nine articles
with interest for the study. Subsequently 22 arti-
cles were obtained through the bibliography of the
first nine. In total, 31 articles with relevance were
reached.

3.2 Health effects

The main effects associated to the exposure to
vibrations are musculoskeletal or neurological
injury of the spinal column. The symptoms that
are more severe are chronic pain, neurological dys-
function and disturbances in movement. The most
common symptom is Low Back Pain (LBP). Other
effects are felt to a less extent, or not so noticeable
at first glance, being relating to intestinal organs
and vascular system, digestive and circulatory dis-
orders, hearing and reproductive effects and pain
in the neck and shoulders.

Massimo Bovenzi has developed several studies
proving the relationship between the professional
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conduct in the industry and the increased risk
of back pain (Bovenzi, 2010) (Bovenzi, 2006). A
review by Lage Burstrom also shows that exposure
to WBYV increases the risk of developing low back
pain (Burstrom, Nilsson, & Wahlstrom, 2014).

Ghuman Kuljit Singh concludes by his review
that industry operators have been associated with
discomfort and musculoskeletal disorders due to
excessive duration of operations (Singh G. K.,
2012). It was also observed that the most registered
disorder was LBP, and some studies have shown
possible degeneration of the spine. The develop-
ment of hernias as a result of exposure to WVB
when driving vehicles in industries was observed by
Bovenzi, Diane E. Gregory and Jack P. Callaghan
(Gregory & Callaghan, 2011). Some studies showed
that the WBYV had impact on sensory capacity and
on the ability to maintain proper back posture (Li,
Lamis, & Wilson, 2016). Stephan Milosavljevic,
concluded that exposure to WBYV sitting is related
to the loss of balance while standing, after review-
ing three studies that found this evidence, while
two studies laboratory found no such relationship
(Mani, Milosavljevic, & Sullivan, 2010).

3.3 Constraints

We can have present different kind of factors that
influence exposure: individual factors, physical fac-
tors or factors intrinsic to the work that are the
company’s responsibility.

The behaviour adopted by the driver is impor-
tant, such as the posture and speed adopted.
Bovenzi performed a multivariate analysis, and



though he may not say that factors, such as pos-
ture and vibrations, are dependent factors, he dem-
onstrated that both increase the long-term effects
(Bovenzi, 2002).

Individual characteristics, such as age and Body
Mass Index (BMI), are important factors to the
exposure results, having already been subject of
study by Bovenzi (Bovenzi, 2006). Ivo JH Tiemes-
sen showed that BMI does not influence the risk of
LBP in professional drivers that have already been
exposed to WBYV (Noorloos, Tersteeg, Tiemessen,
Hulshof, & Frings-Dresen, 2008).

Forklift drivers are often forced to bend the
trunk sideways to be able to have a better per-
ception of what is happening in front of him (of
the forklift driver), namely loads and spaces, and
also to bend the trunk back to be able to perform
reverse (M-Pranesh, Rakheja, & Demont, 2010).
The study by Okunribido also refers the influence
of sitting posture and manual handling of materi-
als, suggesting that the combination of these fac-
tors is the cause of the visible effects (Okunribido,
Magnusson, & Pope, 2008). The study by Martin
Fritz states that, if the risk has to be evaluated by
ISO 2631-1, the influence of the trunk inclination
should be considered by multiplying a correction
factor in this same exposure assessment (Fritz &
Schafer, 2011).

Some physical constraints that may have an
impact on the exposure intensity are: the seat type
the seat suspension type and the tires type.

Regarding the seat, when the fixed and mobile
models are compared, the latter has a greater
attenuation when subjected only to horizontal
vibrations. In other situations, the movable seat
just becomes beneficial in high velocity situations
(Wijaya, Jonsson, & Johansson, 2003). In general,
the movable seat is characterized as more comfort-
able, being less discomfort in the lumbar region
(Wijaya, Jonsson, & Johansson, 2003). A seat
without back support can reduce the transmission
of vertical vibrations. An experiment presented
in the study of Anand M-Pranesh demonstrated
that when the seat without backrest there is a
lower magnitude when compared with the seat
with backrest (M-Pranesh, Rakheja, & Demont,
2010). The effect of the presence of the support
presents higher values for the lower area of the
thorax and the lumbar region. It was concluded in
this study that the presence of the seat back has
more influence on the magnitude of the vibrations
than the induced magnitude itself. Regarding the
comparison between seats with air suspension and
mechanical suspension is possible to confirm the
presence of lower values in the z-axis when using
the air suspension seats (Blood, Ploger, & Johns-
son, 2010). In the analysis of the behaviour of the
seats with mechanical suspension, it was shown to
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be dependent on the driver’s weight, and offers bet-
ter performance for lighter workers (Blood, Ploger,
& Johnsson, 2010). In the seat with air suspension,
this dependence isn’t verified (Blood, Ploger, &
Johnsson, 2010). Note that the pneumatic suspen-
sion seat is by rule more expensive than the seat
with mechanical suspension (Blood, Ploger, &
Johnsson, 2010), however, it is necessary to con-
sider the costs associated with the injuries that
arise.

Regarding the use of the belt as a preventive
measure, it is not associated with reduction of the
risk of LBP and should not be utilized as a control
measure (Lariviere, 2008).

Vehicle tires influence the magnitude of vibra-
tion. Solid tires allow greater comfort when com-
pared with the pneumatic tires due to the damping
provided (Verschoore, Pieters, & Pollet, 2003),
however, becomes more important the influence of
the seat.

The hours of daily exposure, the exposure inten-
sity, the excessive driving for many years (Bovenzi,
2002), the rest periods (Johanning, 2011) are
important conditions, belonging to the company’s
responsibility. Relatively to the own exposure the
comfort level decreases with increasing amplitude
(Singh, Nigam, & Saran, 2016). The physical load
inherent to other activities developed simultane-
ously with driving, are very heavy tasks for the
worker’s muscles. (Bovenzi, 2006).

3.4  Assessment methodologies

In order to evaluate, characterize and classify expo-
sure to vibrations, different methods can be used.
For general methods of risk classification, we have
the example of the technique k-nearest neighbour
that is a classification system used due to its sim-
plicity and efficiency, that allows the combina-
tion of variables, independent with individual and
working conditions (Sanchez, Iglesias-Rodriguez,
Fernandez, & Cos Juez, 2016). This technique was
applied in a study aimed to predict musculoskeletal
disorders related to work.

The evaluation of vibration exposure can be
done by several parameters. Bovenzi concludes
that assessment parameters of the exposure to
vibration derived from the duration of the expo-
sure, as VDV, are better “predictors” of results
than parameters like A(8) (Bovenzi, 2010). Some
studies use the SEAT parameter that ranks seat
performance and S_, parameter to evaluate health
in the spine. Some studies show more than one
variable as exposure assessment study. The results
obtained by different methods can be compared as
(Verschoore, Pieters, & Pollet, 2003) tested in this
study. However, the values obtained from different
methods may not always be comparable.



Many studies focus on evaluation of adverse
effects through transmission of vibrations by
the vertical axis z, however it begins to become
important to consider the effects of the three axes,
x, y and z, taking into account the total effect
(Johanning, 2011).

The limits set by ISO 2361-1 (ISO2631-1, 2004)
may not be enough to perform an assessment, since
it only takes into account the value of the accelera-
tion, not taking into account individual and work
factors such as the duration and intensity of expo-
sure, weather conditions, body posture or addi-
tional tasks that require lifting or bending. It is felt
the need to take into account the worker’s history,
the tasks previously performed and especially work
stations with vibration exposure.

We can have another type of assessment that can
also be seen as a characterization of the exposed
population that is done by using a questionnaire.
Bovenzi (Bovenzi, 2010) adopted a questionnaire
developed with VINET (European Project Vibra-
tion Injury Network), for the evaluation of the
population, that includes: personal information,
occupational history, medical history and other
symptoms. Also Ivo J.H. Tiemessen evaluated the
back pain through the VIBRISKS WBYV Question-
naire, whichisdivided into 5 (five) sections: personal
characteristics, VINET questionnaire and a satis-
faction research, complaints and musculoskeletal
injuries on LBP in the last 7 (seven) and 12 (twelve)
months by the Nordic Questionnaire and physical
complaints. GWBQ (The Generic Work Behavior
Questionnaire) was a questionnaire developed to
assess general symptoms, non-specific, including
emotional, cognitive (Griffiths, Cox, Karanika, &
Tomas, 2006). This questionnaire allows to obtain
answers about the exhaustion and strain from 12
(twelve) other symptoms. The WOAQ (The Work
and Organization Assessment Questionnaire) is a
questionnaire that does not evaluate the psycho-
logical part.

Laboratory tests are also performed to test dif-
ferent factors that can not be evaluated in the field
for any reason, or because it makes it easier to
use a measuring device. Some tests may use a seat
with artificially induced vibrations, or a platform
with sudden disruption (Lariviere, 2008). Some
laboratory tests allow to evaluate the response of
the muscle reflection, using electromyography to
assess if the fatigue was a result of the exposure to
vibrations or not (Lariviere, 2008).

3.5 Strategies for reduce and corrective measures

In order to reduce exposure to vibrations, it is
possible to intervene on different fronts, such as:
directly on the duration of exposure; on working
conditions associated; the behaviour and attitude
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of the driver; in the vehicle itself or in the circula-
tion floor.

The strategies directly linked to the vehicle fall
on the suspension of the seats and the type of tires.
The bibliography indicates that seats with air sus-
pension and pneumatic tires are the best option,
helping in the reduction of vibrations. With regard
to the ergonomics of the seat, tests performed by
M. Marksous resulted in that the backless seat
demonstrated better results due to less contact
between the worker and the seat and which allows
lower transmission of vibration, yielding lower
values in the z-axis. In the oldest seats, even when
adjusted correctly it is not possible to expect atten-
uation (Tiemessen, Hulshof, & Frings-Dresen,
2007). Despite various strategies and corrective
action, we should match the use of them. A study
by Motmans R. concluded that improved floor
surface was the most effective step, by following
the rate parameter and finally the seat. As a com-
bined action, the author concludes that improv-
ing the floor and reducing the speed would be the
ideal situation, however the change of speed can
interfere with the work management. So, the best
chance will be change the floor surface and the sus-
pension of the seat (Motmans R., 2012). The fork-
lift characteristics and the driving performance
have both influence on exposure to vibrations,
therefore it would be important to consider mitiga-
tion measures that acted on both aspects. A sys-
tematic review shows that only one study presents
a strategic intervention to reduce the WBYV, while
all others have only factors that have an effect on
the exposure to vibrations (Tiemessen, Hulshof,
& Frings-Dresen, 2007). These effects are divided
into two categories: “design” and “skills and
behaviour.” The second category is less expensive
but is less promising than the first. Both catego-
ries should be applied in combination. It has been
found that the reduction in driving speed reduced
the magnitude of the vibrations. The driving speed
and the suspension seat proved to be the factors
with more significance.

The company’s policy towards the reality and
the need for change is very important. A study
conducted by Hulshof (Hulshof, Verbeek, Braam,
& van Dijk, 2006) showed the influence of this
condition in relation to the WBY, attitude and
behaviour of truck drivers, and a trend towards
greater knowledge of OSH professionals (Health
and Safety at Work). One study used the ASE
model (attitude, social influence and self-efficacy)
which aimed to change the attitude, social influ-
ence and self-efficacy not only of drivers, as all
workers (Tiemessen, Hulshof, & Frings-Dresen,
2007). This program estimates that measures such
as changing the seats and the floor has a higher
cost when compared to attitude and behaviour



measures. The program is based on changing or
trying to change the behaviour, making the effect
of the intervention program permanent.

4 CONCLUSIONS

With the literature review performed, is possible
to affirm the presence of the risk of LBP on fork-
lift driving. There are factors that conjugated with
vibration can aggravate the exposure of the driver:
posture and speed when driving, exposure time,
age and BMI of the driver, seat type, suspension
type and tire type. Regarding the methods to evalu-
ate the exposure, some studies concluded that it is
better to use parameters that do not depend on the
time factor. Others claim that the limits established
by ISO 2361-1 are not enough, for not taking into
account individual and work factors. It is observed
the need to take into account the worker’s history
in the assessment of its exposure. Therefore, arises
a form of evaluation, being this one through ques-
tionnaire, with personal, occupational, and medi-
cal questions, approaching the felt symptoms.

ACKNOWLEDGMENTS

The authors would like to acknowledge Master
in Occupational Safety and Hygiene Engineer-
ing (MESHO), of the Faculty of Engineering of
the University of Porto (FEUP), the support and
contribution provided in the development of this
work and for having allowed the publication of the
study.

REFERENCES

Blood, R., Ploger, J., & Johnsson, P. (2010). Whole body
vibration exposures in forklift operators comparison
of a mechanical and air suspension seat. Ergonomics,
53, 1385-1394.

Bovenzi, M. (2002). Low back pain in port machinery
operators. Journal of Sound and Vibration, 253 (1),
3-20.

Bovenzi, M. (2006). An epidemiological study of low
back pain in professional drivers. Journal of Sound and
Vibration, 298, 514-539.

Bovenzi, M. (2009). Metrics of whole body vibration and
exposure-response relationship for low back pain in
professional drivers: a prospective cohort study. Occu-
pation and environmental health, 82, 893-917.

Bovenzi, M. (2010). A longitudinal study of low back
pain and daily vibration exposure in professional driv-
ers. Industrial Health, 48, 584-595.

Burstrom, L., Nilsson, T., & Wahlstrom, J. (2014). Whole
body vibration and the risk of low back and sciatica:a
systematic review and meta-analysis. Occupational
Environmental Health, 808, 403—418.

131

Fritz, M., & Schafer, K. (2011). Influence of the posture of
the trunk on the spine forces during whole-body vibra-
tion. Journal of low frequency noise, 30, n°4, 277-290.

Gregory, D., & Callaghan, J. (2011). Does Vibration
Influence the Initiation of Intervertebral Disc Hernia-
tion. Spine Basic Science, 36, n°4, 225-231.

Griffiths, A., Cox, T., Karanika, M., & Tomas, J.-M.
(2006). Work design and management in the manu-
facturing sector: development and validation of the
Work Organisation Assessment Questionnaire. Occu-
pational Environmental Medicine, 10, 669-675.

Hulshof, C., Verbeek, J., Braam, 1., & van Dijk, F. (2006).
Evaluation of an occupational health intervention
programme on whole body vibration in forklift truck
drivers:a controlled trial. Occupational and environ-
mental medicine, 63, 461-468.

1SO2631-1. (2004) — Mechanical vibration and shock.
Evaluation of human exposure to whole-body vibra-
tion. Partl: General requirements, 1-37.

Ivo, T.J., Hulshof, C.T., & Frings-Dresen, M.H. (2007).
An overview of strategies to reduce whole body vibra-
tion exposure on drivers: a systematic review. Interna-
tion Journal of Industrial Ergonomics, 37, 245-256.

Johanning, E. (2011). Diagnosis of whole body vibra-
tion related health problems in occupational medicine.
Journal of low frequency noise, 30, n°2, 207-220.

Lariviere, C. (2008). A laboratory study to quantify the
biomechanical responses to whole body vibration: the
influence on balance, reflex response, muscular activ-
ity and fatigue. International Journal of Industrial
Ergonomics, 38, 626—639.

Li, L., Lamis, F., & Wilson, S. (2016). Wholebody vibra-
tion alters proprioception n the trunk. International
Journal of Industrial Ergonomics, 38 (9-10), 792-800.

Makhsous, M., Hendrix, R., Crowther, Z., Nam, E., &
Lin, E (2005). Reducing whole body vibration and
musculoskeletal injury with a new car seat design.
Ergonomics, 48 (9), 1183-1199.

Mani, R., Milosavljevic, S., & Sullivan, S. (2010). The
effect of whole body vibration on standing balance:
a systematic review. International Journal of Industrial
Ergonomics, 40, 698-709.

Motmans R. (2012). Reducing whole body vibration in
forklift drivers. Work, 41, 2476-2481.

M-Pranesh, A., Rakheja, S., & Demont, r. (2010). Influ-
ence of support conditions on vertical whole body
vibration of the seated human body. Industrial Health,
48, 682-697.

Murtezani, A., Ibraimi, Z., Sllamniku, S., Osmani, T., &
Sherifi, S. (2011). Prevalence and risk factors for low
back pain in industrial workers. Folia Medica, 53 (3),
68-74.

Noorloos, D., Tersteeg, L., Tiemessen, 1., Hulshof, C., &
Frings-Dresen, M. (2008). Does body mass index
increase the risk of low back pain in a population
exposed to whole body vibration? Applied ergonomics,
39, 779-785.

Okunribido, O., Magnusson, M., & Pope, M. (2008). The
role of whole body vibration, posture and manual
handling as risk factors for low back pain in occupa-
tional drivers. Ergonomics, 51 (3), 308-329.

Sanchez, A., Iglesias-Rodriguez, F., Fernandez, P., &
Cos Juez, F. (2016). Applying the K-nearest neighbor
technique to the classification of workers according to



their risk of suffering musculoskeletal disorders. Inter-
national Journal of Indutrial Ergonomics, 52, 92-99.

Singh, G.K. (2012). Effect of whole body vibration on
vehicle operators:a review. International Journal of
Science and Research, 34, n°4, 320-323.

Singh, I., Nigam, S., & Saran, V. (2016). Effect of back-
rest inclination on sitting subjects exposed to WBV.
Procedia Technology, 23, 76-83.

Tiemessen, 1., Hulshof, C., & Frings-Dresen, M. (2007).
The development of an intervention programme to

reduce whole body vibration exposure at work induce
by a change in behaviour: a study protocol. BMC
Public Health, 7 (329), 1-10.

Verschoore, R., Pieters, J., & Pollet, 1. (2003). Meas-
urements and simulation on the comfort of forklift.
Journal of Sound and Vibration, 266, 585-599.

Wijaya, A., Jonsson, P, & Johansson, O. (2003). The
effect of seat design on vibration comfort. Interna-
tional Journal of Ocupational Safety and Ergonomics,
9 (2), 193-210.

132



Occupational Safety and Hygiene V — Arezes et al. (Eds)
© 2017 Taylor & Francis Group, London, ISBN 978-1-138-05761-6

Effects of noise on the cognitive response of BAJA vehicles

operators: A case study

F.M. da Cruz, B. Barkokébas Jr., EM.G. Lago & A.V.G.M. Leal

University of Pernambuco, Pernambuco, Brazil

ABSTRACT: Cognitive faculties such as memory, attention and reaction time are fundamental for the
development of labor activities in industries. The present paper intends to present the results obtained in
an experiment that analyzed the influence of noise on the cognitive response of individuals after operating
a prototype vehicle named BAJA. Selective attention tests were performed in engineering students before
and after a 45-minute noise exposure. It was detected the existence of delay in the response time of the
volunteers after the exposure. Such delay can be found in a significant way in machine operators whose
exposure time are usually higher than the ones performed in the present work.

1 INTRODUCTION

Cognitive faculties such as memory, attention,
reaction time, etc., are fundamental for the devel-
opment of labor activities in industries. Ergonom-
ics establish that the better the work condition,
the greater the productivity and life quality of the
workers involved in the process.

Among the specific segments, such as mining or
construction, there is wide use of machinery whose
operations rely on the workers. In this interface,
between operators and machines, the occupational
exposure to noise occurs, originating from the
motor and the activity itself.

Noise, besides being uncomfortable, exerts influ-
ence under the human nervous system, affecting
the individual’s cognitive faculties. For machine
operation, the degradation of these abilities, in
addition to affect productivity, could unleash dis-
eases or cause accidents while performing the task,
such as collisions or run over.

This way, the investigation of the effects of
physical risk factors on the aspects of human cog-
nition could help the search for solutions that aim
the elimination or neutralization of such factors.

Noise, according Tomei (2009), provoke direct
effects on the auditory system, but its major
impact occurs in the central nervous system, since
the encoding of sound information requires energy
expenditure related to brain activities. These wast-
ages were observed by Cho (2011) while studying
neurological activity in volunteers exposed to dif-
ferent levels of noise. The study verified that the
neurons activity increases as the auditory stimuli
increase, raising the energy expenditure.

Because of increased brain activity, Wong (2010)
observed that the energy expenditure for sound
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stimuli processing alters the performance of cogni-
tive faculties, such as attention, memory and concen-
tration. This influence was studied by Kristiansen
(2009) who demonstrated the existence of the
relation between the frequency and the amplitude
of the sound on the performance of mental tasks.
These experiments substantiated the existence of
frequency bands and sound volume that harm the
attention and concentration performance.

The central nervous system is connected to the
muscle fibers through the efferent nerve fibers. In
this context, muscles receive constant feedback
from nerve cells. According to Hotta (2014), the
nervous system, when overloaded by stimuli, can
cause electric micro discharges on the muscle fiber,
causing an increase in its contraction and conse-
quently higher muscular fatigue.

This effect, according to Missenard (2009) causes
an increase in energy consumption, contributing to
the wear of muscles and predisposition of the tis-
sue to micro-lesions and increased stress levels.

Due to the close relationship between the nerv-
ous system and cognitive faculties, Ljungberg
(2004, 2005 and 2007) conducted experiments in
order to understand the impacts of noise and occu-
pational vibrations on the cognition of university
students after exposure to such factors.

In all tests, Ljungberg (2004, 2005 and 2007)
used an exposure chamber to control the intern
and external variables and applied the protocol for
determination of the Sternberg Paradigm and the
evaluation called Search and Memory Task—SAM
to analyze the cognitive responses and application
of the CR-10 Borg’s Scale, evaluating the degree of
discomfort of the task.

The tests performed by Ljunberg (2004, 2005 and
2007) relied on computers and infrastructure for their



accomplishment, turning the methodology restricted
to applications in simulators, since in real working
conditions the method could not be applied.

In the search for alternative tools in literature,
it was found the test developed by Dr. John Ridley
Stroop in 1935 to study the effects on reaction time
of a task when viewing colored texts. For example,
when a word such as blue, green, red, etc., is printed
in a different color from the color expressed by the
semantic meaning (example: the red word printed
in blue ink) a delay occurs in the processing of the
color of the word, causing slower reaction times
and increased errors. This delay is named Stroop
effect, in homage to its discoverer.

With the advance of mobile technology, the Stoop
test has been compatible in the form of mobile appli-
cation. This facility made it possible to apply the test
within the work process, allowing the collection of
cognitive information in the field, which was previ-
ously only possible in laboratory conditions.

Given the above, the present work aims to study
the influence of noise on the cognitive response
time of individuals after operating a prototype
vehicle named BAJA.

2 METHODOLOGY

2.1

In order to perform the tests, 9 healthy volunteers
between 20 and 23 years old, mechanical engineer-
ing students from University of Pernambuco were
selected.

Subjects

2.2 Experiment structure

The 9 students operated the BAJA vehicle (Fig. 1)
for 45 minutes in a test-field of the university
(Fig. 2). During the tests, the noise levels were
collected through an audio dosimeter. Participants
performed two selective attention tests (Stroop),
the first before the operation and the second imme-
diately after. It was analyzed the difference between
the results before and after the exposure.

Figure 1.

Prototype vehicle—BAJA.
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Figure 2. Experiment area.

Figure 3. Audio dosimeter (Model: The Edge5—
Quest/3M) installed in the participant’s auditory zone.

Stroop Test
— Data

Begginer
7/
ART'=1,25s

C

{26) 9/20
00:00:19 1
A? =35,00% AeRT?=0,44s
Rating "?"
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Figure 4. Test visualization from the mobile application.

2.3 Noise evaluation

Noise measurement was performed by an
audio dosimeter (Fig. 3), (Model: The Edge5—
Quest/3M, properly calibrated) carried by an oper-
ator, installed in the auditory zone.



2.4 Cognitive Task

In order to analyze the cognitive response time it
was applied a selective attention test, the Stroop
test, that relates textual information and colors,
according to Figure 4. The test was applied through
a mobile application. However, pre-tests were per-
formed, so the participants could became familiar
with the tool, followed by a test before the expo-
sure and a test immediately after the exposure.

3 RESULTS

The data collected in the test are associated to the
speed response to the stimuli and the accuracy of
these responses. In this way, data was organized in
two ways, the first one related to the response time
and the second to the exact response time.

The average response time, as presented in
Table 1 shows the average response time in minutes
that participants have after receiving the stimulus
to respond the test.

Analyzing the data (Chart 1) it was possible to
verify that 7 of 10 evaluations presented a slight
increase in their response time after the exposure.

Chart 1 shows the existence of a tendency to
increase the response time in the attention tests
proportional to the increase of sound pressure lev-
els of the experiment.

The average time of exact response, according to
Table 2 demonstrates not only the speed of response,
but also the rate of response in an assertive way.

Analyzing Chart 2 it is possible to observe that §
out of 9 participants presented a delay in correctly
responding the test.

Chart 2 data the tendency is not clear. Per-
haps, the small number of participants is probably

Table 1. Average response time in minutes.
Average Response
Time (ART)
Before After
SPL  Time (ARTO1- (ARTO02—
Operator dB(A) Minutes min) min)
01 82,9 45min 0,32 0,38
02 83 45min 0,50 0,55
03 81,3 45min 045 0,48
04 84,7 45min 0,50 0,55
05 84 45min 0,25 0,36
06 84,6 45min 0,42 0,43
07 84,7 45min 0,35 0,30
08 84,3 45min 0,48 0,56
09 84,1 45 min 0,51 0,51
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TMR
(TMRO2 - TMRO1)

825 83

NPS dB(A)

835 84 845 85

Chart 1. Relation between response time and the sound
pressure level of the experiments.

Table 2. Average time of exact responses.

Average Response Time

(ARTe)
Before After
SPL Time (ARTeOl — (ARTe02 —
Operator dB(A) Minutes min) min)
01 82,9 45min 0,30 0,36
02 83 45min 0,49 0,54
03 81,3 45min 045 0,48
04 84,7 45min 048 0,51
05 84 45min 0,16 0,36
06 84.6 45min 0,40 0,41
07 84,7 45min 0,35 0,29
08 84,3 45min 0,44 0,56
09 84,1 45min 0,49 0,50
o 15
g
gf |
24
g
g

o
n

815 82 82,5 83

NPS dB(A)

835 84 845 85

Chart 2. Relation between exact response time and
sound pressure levels of the tests.

related with the difficulty to the visualization of
the expected tendency.

Similar results of the present study were obtained
by Ljungberg (2005) who perceived the influence



of noise and occupational vibrations on memory
and attention of volunteers exposed through a
cognitive tool called SAM. Such influence cannot
be proven statistically, but it indicated the signs of
is interference over memory and attention.

In previous studies, Sherwood & Griffin (1990)
used the same environmental parameters, meth-
odological configuration and similar cognitive
tools used by Ljungberg (2005), but with longer
exposure time, statistically verifying the scanning
memory impairment even at low energy levels.

Ljungberg & Neely, (2007) observed that the
mental load of the task influences the identifi-
cation of cognitive effects, which means that,
activities whose mental demand are higher allow
a better visualization of the influence of physical
risk factors on cognitive waste.

Thereby, considering guiding a vehicle in circles
a monotonous task, it may have influenced the
better visualization of the effects of noise on the
response time of the volunteers.

Sound pressure levels emitted by the BAJA pro-
totype vehicle are similar to those machinery used
in construction industry, mining and agriculture,
however, in real working conditions, the exposure
times would be 8 hours and not 45 minutes as
applied in the experiment.

Thus, the delay in response times could also be
identified in real working conditions, highlight-
ing the possibility of an increased delay, given the
higher exposure time directly affecting equipment
and machine operators.

4 CONCLUSIONS

The innovation of the study comes from perform-
ing the experiments in external environments, given
that the previous experiments found in literatures
occurred in simulation chambers.

Advances in mobile technology allowed the
present work to seek alternatives for cognitive data
field collection with results close to those obtained
by experiments performed in computers within
controlled environments.

The application of Stroop cognitive test, through
mobile applications, presented similar results to stud-
ies carried out by other authors who applied the SAM
and the Sternberg Paradigm tests in computers.

The increased delay in the volunteer’s response
time presents a directly proportional relationship
with the increase in sound pressure levels on the
experiment.

The increased delay in the exact response times of
volunteers is not clear. Perhaps, the small number of
participants is probably related with the difficulty to
the visualization of the expected tendency.

The delay time in correctly responding the test is
higher than the delay time of the test response itself.
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In the present experiment, increased noise lev-
els influenced the volunteer’s ability to make fast
and accurate decisions, given the differences found
between ARTe and pre exposure in relation to post
exposure.

Clearer observations on the delay of cognitive
responses depends on new studies with longer
exposure periods, with a larger number of samples,
preferably in real work environment with exposure
time close to 8 hours of work.
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Health and safety guidelines in laboratories of higher education centers
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ABSTRACT: According to the Brazilian Protection Annual Report of 2015, the sectorial analysis of
accidents within national range registered 5.524 typical accidents and, in Pernambuco, 485 cases of acci-
dents occurred that were related to educational services. This paper aimed at gathering information that
might contribute to the prevention of accidents and to the change of behavior of users and of those
responsible for the environment, since every practical activity to be developed inside a laboratory presents
risks and is accident-prone. The data were collected from the laboratories and workshop of the Higher
Education Institution by means of a field research, in which the work conditions and existing risks were
assessed through the preliminary analysis recommended by AHIA. The total evaluation result showed
51% of irrelevant risks, 34% of relevant risks, 11% of attention risks, 4% of critical risks and 0% of
emergency risks. Based on the results of the evaluations, safety guidelines, good hygiene practices and risk
mapping were structured, as well as improvement actions were proposed.

Keywords: Preliminary risk assessment, Accident prevention, Health and safety guidelines

1 INTRODUCTION Table 1. Occurrence of accidents by occupation.
The database of the Ministry of Education (2015) ) "l:)ypical accidents
showed that Brazil and the State of Pernam-  Occupation ()
buco, respectively, have 391 and 31 faculties of Polytechnic researchers 0.01
engineering. . and professionals
The p.rofes.slonals are e.xposed to a broad vari-  Exact sciences and engineering 0,29
ety of risks in laboratories due to the presence professionals
of lethal, toxic, corrosive, irritating and flam-  Teaching professionals 0,38
mable substances, besides the use of equipment  Mid-level technicians 1,56

that offers certain risks, such as temperature
changes, radiation and also assjgnments that use Source: Brazilian Protection Annual Report (2015).
biological and pathogenic agents. The main risks
of greater potential are intoxication, thermal or
chemical burns, electric shocks, fires, explosions,
contamination by chemical agents and exposure

Table 2. Occurrence of accidents by risk.

Typical accidents

to ionizing and non-ionizing radiation, among  Rijsks (%)
others.

The sectorial analysis of accidents within  Burns 0,63
national range registered 5.524 typical accidents,  Electric shocks 0,81
2.352 commuting accidents and 140 cases of dis-  Contamination by chemical 0,55
eases related to educational services. See Table 1 agents
for the occurrence of accidents by occupation. Occupational exposure 0,60

According to the Brazilian Protection Annual to risk factors

Contact with and exposure 2,28

Report, in Pernambuco the latest data were regis- ‘ )
to communicable diseases

tered in 2013, showing 485 accidents with workers
in professional, technical and scientific activities
and 186 accidents related to educational activities.
The occurrence of incidents was 0,94% and 0,39%,

Source: Brazilian Protection Annual Report (2015).

respectively (Brazilian Protection Annual Report In light of the above, this paper aims at gathering
2015). See Table 2 for the occurrence of accidents  information that might contribute to the reduction
by risk. of accidents in laboratories and workshops of the
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Faculty of Engineering of the Higher Education
Institution, as well as to contribute to the change of
behavior of users and of those responsible for the envi-
ronment, meeting the standards of current legislation.

2 EFFECTIVE ACCIDENT CONTROL
SYSTEM

The organizational risk management refers to the
systematic acknowledgement, evaluation, control
and monitoring of safety risks, occupational health,
environment, quality and business (Barkokébas Jr.
2005). An effective risk management is a primary
responsibility of the administration and, for com-
plex and high-risk organizations, the only viable
way to control risks is through a management sys-
tems approach (Marzano 2015).

For an effective accidents control system to
be designed, treating the causes is indispensable.
To this end, a few questions must be asked:

Why did the condition occur?

What are the existing unsafe conditions?

What are the failures of the system and of the
environment?

Likewise, some concepts must be understood:

Human failures—Failures that happen in the
execution of a task, which might cause the
accident. Human failures may occur by: negli-
gence, that is the lack of attention and the use
of inadequate equipment in performing a task;
incompetence, which is the lack of knowledge in
executing a task; malpractice, for not perform-
ing properly the job or task one is able to per-
form (Mendes 2014).

Unsafe condition in the environment—a home
unsafe condition is the absence of the fundamen-
tal care that one must have to properly perform
a task without accidents. Therefore, there must
be constant vigilance concerning what might
cause accidents in the household, which must be
brought to the responsible person’s knowledge
so that measures can be taken, avoiding possible
accidents (Barkokébas Jr. 2005).

Classification of environmental risks and risk
factors—The environmental risks are classified
according to their causative nature. Therefore,
the types of risks may be grouped in: chemi-
cal, which are caused by chemical substances
(vapors, gases, liquids, dusts, mists, fumes);
physical, which are caused by energy exchange
between man and environment (heat, electric-
ity, infrared and ultraviolet radiations, ionizing
radiations, pressures, impacts and others); bio-
logical, which are caused by agents that gener-
ate infections and allergies (viruses, bacteria and
fungi) (Ministry of Labor 2015).
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Whenever the risk factors exist in the environ-
ment, it occurs what can be named an unsafe con-
dition. Frequently, it is believed that the danger
only exists outside the perimeters of the residences,
which is not quite right, for the statistics show that
our homes (kitchens, bedrooms, bathrooms, gar-
dens etc.) are responsible for various types of acci-
dents, in which the main affected are children and
the elderly (Mendes 2014).

Many are the factors that cause the accidents.
On the one side, it points out those factors related
to the physical and psychological conditions of
people themselves, on the other side, it points out
those factors connected to the conditions that are
present in the physical, social and cultural environ-
ment where people live (Silva 2013).

3 PRACTICES OF SAFETY AND HYGIENE
IN LABORATORIES

The practices of safety and hygiene most used by
universities in teaching laboratories are safety pro-
cedures, emergency procedures and educational
programs structured in safety manuals that are
drawn by those responsible for the laboratories or
by the responsible safety sector, that include the
following subjects:

e Responsibilities of users and laboratory coor-
dinators;

Personal and Collective Protective Equipment;
Facilities maintenance;

Laboratory equipment maintenance;

Handling and storage of reagents;
Recommendations to avoid typical accidents;
Educational programs: Safety Committee;
Good Hygiene Practices, such as: to never consume
or package food and beverage in the laboratory, to
wash hands by the end of laboratory procedures
in order to avoid contaminations, to expressly pro-
hibit smoking inside the laboratory etc.

Furthermore, the safety manuals are available to
everyone with the purpose to provide the fundamen-
tal information so that activities in the laboratories
can be performed with safety, and the coordinators
are available to clarify questions.

4 METHODOLOGY

The research was conducted in the laboratories
and workshop of the Higher Education Institution
located in the city of Recife, State of Pernambuco,
Brazil. It was an in loco study, where 28 laborato-
ries were visited, being 3 laboratories of Construc-
tion Industry, 1 of Fuels, 1 of Energy Efficiency,
1 of Electronics, 1 of Systems Engineering, 1 of



Mechanical Testing and Materials, 3 of Physics, 7
of Informatics, 3 of Mechanics, 1 of Mechatron-
ics, 1 of Metrology, 2 of Workshop Practices, 1 of
Chemistry, 1 of Topography and 1 of Labor Safety.
To that end, a search form and a checklist were
structured based on the current legislation, allowing
the survey of the tasks performed by teachers and
students, as well as the existing control measures.

The data analysis and the identification, evalu-
ation and classification of risks of the labora-
tories’ environmental conditions assumed the
methodology recommended by the Association
of Healthcare Internal Auditors (AIHA) that
assigns numbers to characterize the exposure, the
effects and the severity in order to classify the risks
according to Tables 3 and 4.

According to Tables 3 and 4, the risks of each
task were related and the probabilities of occur-
rence and the severity of the consequences were
classified, generating the risk classification seen in
Table 5.

Upon classification, safety measures and digital
risk mapping were structured, as well as improve-
ment actions were proposed, based on the techni-
cal and legal content applicable to the researched
environment.

Table 3. Qualitative valuation of agents’ exposure.

Category Description

0 No exposure No contact with agent or
irrelevant contact.

Non-frequent contact
with agents.

Frequent contact with agent
in low concentrations or
non-frequent contact in
high concentrations.

Frequent contact with agent
in high concentrations.

Frequent contact with agent
in very high concentrations.

1 Low levels

2 Moderate exposure

3 High exposure

4 Very high exposure

Source: AHIA.

Table 4. Qualitative valuation of the agents’ effects.

Category Description

0 Reversible effects of little importance
or unknown or simply suspected.

1 Worrying reversible effects.

2 Severe worrying reversible effects.

3 Worrying irreversible effects.

4 Life or disease threatening/

incapacitating injury.

Source: AHIA.

Table 5. Gradation of severity in the qualitative evalua-
tion of agents (exposure/effect).

Exposure + Effect = Control Description
0-1 Irrelevant.
2-3 Relevant.
4-5 Attention.
6-7 Critical.

8 Emergency.

Source: AHIA.

Critical Emergency

4%

Attention
11%

Irelevant

Relevant

Figure 1. Classification of risks in laboratories.
Source: field research.

5 RESULTS OF THE EVALUATIONS
OF ENVIRONMENTAL WORK
CONDITIONS

The results of the laboratories’ evaluations are seen
in Figure 1.

Figure 1 shows the survey of the percentage
of occupational risks presented in the researched
group of laboratories. As seen, 51% were considered
irrelevant, with higher rates in the laboratories of
Energy Efficiency, Mechanical Testing and Mate-
rials, Physics, Informatics, Mechatronics, Metrol-
ogy, Computational Mechanics and Topography,
in which the risks surveyed in the labor activities
performed in the facilities did not present potential
risks to users’ health or physical integrity.

The category of relevant represents 34% of the
risks related to activities that present low health
hazards, which does not cause acute effects to
users with technical control and the supervision of
the responsible teachers during the performance of
activities in the laboratories.

The relevant risks are related in the organization
and structure of laboratories that show environ-
ments with packaging of flasks of products and
materials disorganized on the floor, besides of hav-
ing tools and equipment leaning on chairs. They
also exist in environments where accidents have
already occurred and where the users must wear the



personal protective equipment properly and others
where the facility has an improvised and limited
area in which the activities must be performed.
The mentioned risks expose users to the danger
of tripping and/or falling on top of materials and
equipment, the occurrence of new accidents in the
environment and incidents with spilling of prod-
ucts or residue.

The attention risks represent 11% of risks in
laboratories where labor and teaching activities are
executed with moderate health hazard to users and
that do not cause acute effects, in which the expo-
sure is under technical control. The laboratories
that presented moderate risks were the Laborato-
ries of Workshop Practices and Informatics.

The existing risks in the Informatics laborato-
ries are electric shocks due to old installations and
exposed wires. The same occurs in the Laboratories
of Workshop Practices, with machines that operate
in average tension and lack grounding, susceptible
to electric shock. Besides that, there were identified
risks of fire outbreak due to the physical arrange-
ment of the improvised area for welding activities,
machine location, materials collection, pieces and
room furnishing, leaving users exposed to many
risks, such as stumbling or falling on top of a
machine, tool or even a colleague, among other
risks related to the activities, and what hinders an
effective daily sanitation of the place.

In the category of the 4% critical risks is the lab-
oratory of Fuels, due to malfunction and lack of
maintenance of the fume hoods, which leaves the
users exposed to reagents and chemical products,
gases and vapors present in the daily routine of
users when performing activities. The occurrence of
accidents and incidents was reported by the people
responsible for the laboratories, in interviews dur-
ing the field research, when they mentioned cases
of burns, hand cuts and allergic reactions.

6 SAFETY GUIDELINES FOR
LABORATORIES

The safety guidelines structured were based on the
recommendations made for the laboratories and
on the need to deploy procedures of good practices
with the following purposes:

1. To present teachers, students and technicians
of the Higher Education Institution with the
basic rules institutionally defined for access to
laboratories;

. To inform the academic community, particu-
larly the Faculty of Engineering, about the
posture and main proceedings to be adopted in
laboratories, aiming to protect students, techni-
cians and teachers from risks and accidents;
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3. To facilitate the work of coordinators, teachers
and technical personnel of the laboratories.

The recommendations and procedures of good
practices for the laboratories and workshop of the
Higher Education Institution include the following
topics:

e Standards for access and permanence in the
Laboratory;

e Posture and Procedures inside the Laboratory;
e Personal Protective Equipment—General;

o Specific guidelines for PPEs;

e Maintenance of facilities;

e Laboratory Equipment Maintenance;

e Safety Procedures for Fume Hoods;

e Emergency Guidelines.

7 CONCLUSIONS

As set out above, it was possible to verify through
risk survey during field research that the laborato-
ries of the Faculty of Engineering of the Higher
Education Institution present low to moderate
relevance risks, considering the environmental
work conditions of the activities performed in the
facilities.

The electrical installations need repair with a
certain urgency, as seen by the reports of accidents
with electric shocks in the Informatics laboratories
mentioned in this paper. As for the repairs of the
physical structure, they were recommended so that
there are no future damages of greater proportion
for the Higher Education Institution.

Itis important to highlight the matter of personal
and collective protective equipment, used in labora-
torial activities as needed. However, it was noted in
some laboratories that the PPEs were not used prop-
erly. In the Chemistry laboratory case, there are no
automatic showers, eyewash units and fume hoods,
which are fundamental collective safety equipment
for the executed activities. The same happens in
the Fuel laboratory, where the existing fume hoods
are not working, leaving users exposed to chemical
agents that may cause health damages due to the
long periods of daily exposure in the workplace.

Another subject that calls for attention is the sit-
uation regarding an eventual need to firefighting.
The lack of fire extinguishers in some laboratories
increase their vulnerability in emergency cases.
Still, the mere existence of a fire extinguisher in a
given place is no guarantee of safety in firefight-
ing. First, one must act on the potential fire out-
breaks in order to reduce this risk to a maximum
extent. In parallel, the Institution must hold a fire
brigade trained to perform an initial firefighting,
so that everyone’s life and the material assets are
protected.



It is also important to stress the matter of the
Safety Committee. As noted above, some cases of
accidents and incidents have already occurred. It is
valid that the Safety Committee proceed to investi-
gate these cases, both accidents and incidents, with
the purpose that these occurrences do not repeat
themselves, enabling a better flux of activities.

The results allowed the assessment of risks
of labor conditions in the laboratories and sec-
tors of the Institution, as well as the structure of
safety guidelines in laboratories, the proposition
of improvement actions for the Higher Education
Institution and the manufacturing of the digital
risk map so that the actions may be deployed by
the coordinators responsible for the laboratories
and/or the safety sector of the institution.
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Safety in the maintenance of elevators in residential buildings
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University of Pernambuco—UPE, Recife, Brazil

ABSTRACT: The use of the elevator became indispensable in great metropolises due to the intense and
ever-growing verticalization of buildings, and for such an equipment to perform safely, its periodic main-
tenance is paramount. The three places in which elevator maintenance takes place are: the machine room,
the hoistway, and shaft. Aiming to minimize the most frequent accidents occurring in this kind of labour,
this paper had as an objective to propose guidelines for management tools aimed at making environments
more suitable for the maintenance of residential building elevators. In order to do such, data was gathered
from an elevator manufacturing company, study visits were made to residential buildings in the city of
Recife and employees of the sampled company were interviewed. After analyzing the data, it was possible
suggest guidelines destined for tools aimed at guaranteeing a safe technical conduct for professionnals

working with elevator maintenance.

1 INTRODUCTION

The so called “safety” elevator emerged in New
York in 1853, when Elisha Graves Otis introduced
the safety brake, and from that point on, the users
became more confident in using this vertical trans-
port, for there was a safeguard in the case of the
platform falling (Santos, 2007). At the end of the
nineteenth century, the mastery of elevator tech-
nology, which made them increasingly safer and
faster, stimulated the construction of higher build-
ings. Nowadays, elevator manufacturing compa-
nies are in constant search for new technologies,
for example, the evolution of microelectronics
and the development of special carbon steel alloys
which allow the commercialization of ropes with
smaller diameter and greater resistance.

In Brazil, the use of this type of transport is
intense, mainly in metropolises like the city of
Sao Paulo, with approximately 55.000 functioning
elevators making 26 million trips every 24 hours
(SECIESP, 2015). These numbers highlight the
importance of this equipment for modern society,
and for it to work safely and perfectly, there must
be a periodic maintenance service of the equip-
ment made by a qualified, licensed company.

However, the training of elevator maintenance
technicians is restricted to the training centers of
the manufacturers, which occurs in the vast major-
ity of Brazilian capitals.

During the execution of elevator maintenance,
the licensed professionals are subjected to risk
of accidents such as cuts, torsions and crushing.
The consequences of such accidents generate both
economic and human costs, due to absenteeism,
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damage compensations, loss of productivity, social
effects reflecting on the injured people and their
families, negative effects to the company’s image,
possible legal outcomes according to the extension
and severity of the accident, among other factors.

Facing that context, this paper aimed to propose
guidelines for management tools aimed at making
environments in which services of maintenance of
residential building elevators (with speeds up to
105 m/min) are rendered more suitable in order to
minimize the most occurring accidents of this kind
of labour.

2 METHODOLOGY

Initially, data was collected on statistics concern-
ing accidents occurring with technicians of pre-
ventive maintenance in elevators with speeds up
to 105 m-min for a certain elevator manufacturing
company. Afterwards, technical visits were made
to 10 buildings located in the city of Recife, with
the application of a checklist, based on the ABNT
NM 207 (1999) guidelines, with the objective to
develop a diagnosis of the situation of the environ-
ments in which elevator maintenance services are
being carried out, being:

Machine Room: Environment dedicated to the
traction machine, control panel, console and other
components. Items like natural and artificial light-
ing, the presence of extinguishers and the exist-
ence of a grid for the trapdoor were also noted;
Hoistway: Place in which the elevator moves.
The presence of a safety guard rail, lighting and
electrical off switch above the cabin was noted;



Shaft: Spaces located below the level of the low-
est floor. The conditions of the access stairway
and lighting were checked.

Afterwards, the data collected in the applica-
tion of the checklist were cross-referenced with
the accident statistics of the sampled company.
Concomitantly, interviews were made with 21
employees of the same company which performed
activities associated with the machine room, trac-
tion machine and shaft. Then, using the qualitative
and quantitative results reached, it was possible to
propose guidelines for management tools which
guarantee a safe access for elevator maintenance
professionals.

3 RESULTS

3.1

The information concerning the workplace acci-
dents which occur in this particular labour was
obtained with the workplace safety branch of the
sampled company, with data ranging from 2010
to 2014. According to the surveyed documents,
the types of registered accidents were: cut, tor-
sion, crushing, contusion, dislocation, perforation,
chock, excoriation and fracture. In the case of
activities performed by the preventive maintenance
technician for elevators with speeds up until 105 m/
min, those which happened more often were: cuts,
torsion and crushing, representing more than 60%
of the total of 101 accidents.

Data from the researched company

3.2 Application of the checklist

10 buildings were visited, representing a total of 24
elevators, with distinct ages, in order to emphasize
that norm NBR 7192/1985 — ABNT (valid until the
year of 1999), or norm NBR NM207/1999, which
revoked NBR 7192:1985 (with validity start and
application on December 30th of 1999), were not or
are not being followed exactly in their guidelines.

The results obtained from the visits showed that
all buildings had items which favoured the appear-
ance of risky situations for the workers who under-
took elevator maintenance. The machine room was
either hard to reach or with obstacles which gener-
ate risk of fall, and, as a consequence, torsions and
(or) cuts, as seen on Photograph 1, in which is also
possible to see obstructions in the way to access the
extinguishers.

In the hoistways, one of the risks observed was
the presence of folded ironwork from the cabin’s
door (Photograph 2), with sharp extremities and
burrs. Besides, according to the data obtained from
the safety branch, this situation causes the major-
ity of cut-related accidents in that place.

Photograph 1. Access to the machine room being
obstructed by objects.

Photograph 2. Folded ironwork from the elevator’s
cabin door.
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Photograph 3.
shaft.

Electric wiring present in the elevator



In the shafts, there was a frequent presence of
power and signal cords, and of equipment that
may cause slips, allowing for an accident to occur,
and, consequently, lesions (cut, torsion, fracture,
bruises), according to Photograph 3.

Interview with the employees

The interview with employees from the sampled
company covered a total of 18 maintenance techni-
cians, two safety technicians and a safety supervi-
sor. According to the results, the greater occurrence
of accidents, in the opinion of the interviewed
technicians, happens in the pavement door, where
the percentage compared to other places (machine
room, cabin and shaft) reached 52,4%.

Concerning the typology of accidents, the cut
was indicated as the most frequent for this labour
activity, and “little attention” as deemed by 66,7%
of collected opinions as the main causal factor for
accidents. In that way, employees consider that
being “attentive” while working is fundamental to
diminish risks, and, subsequently, the possibility
of accidents and their related lesions.

While being questioned if they receive, possess
and correctly use the necessary Personal Protective
Equipment (PPE), all said yes. Concerning the his-
tory of accidents, from a total of 21 employees, six
have already suffered some form of accident, in the
period of time between 2010 and 2014, suffering
the consequences of cuts, torsions and crushing.

4 GUIDELINES FOR MANAGEMENT
TOOLS

To follow a procedure for the tasks that comprise the
maintenance of residential elevators is the first step
to mitigate the probability of accidents happening.

Therefore, operational procedures to the serv-
ices of elevator maintenance collaborate to estab-
lish criteria and subsequent definitions about how
to enter these places, thus allowing a more appro-
priate and safe conduct by the professional.

Substantiated in the treatment and analysis of
the collected data, Figure 1 details the components
and conditions that offer risky conditions and
present danger in the machine room, in the hoist-
way and in the elevator shaft.

Afterwards, guidelines were proposed for the
management tools destined to the machine rooms,
to the hoistways and shafts, among which:

— Ensure that the elevator won’t move in the auto-
matic mode the moment the maintenance tech-
nician accesses the top of cabin as a platform
and means of locomotion, aiming to do his
job. Otherwise, there is a possibility that serious
accidents might occur, like crushing, cuts and
torsions;
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— Ensure that the elevator does not move dur-
ing entry to the shaft, thus avoiding a serious
accident.
Utilize a sailor-type stair in order to enter and
exit the shaft, being that the use of springs,
shock absorbers or buffers as a support is not
recommended due to the probability of slips
which lead to accidents that may cause cuts, tor-
sions and crushing.
Signal objects like: steps, pipes, pipelines, floor
and roof hooks, inverse beams, ceiling height
smaller than two meters, ramps, curls and holes
in the floor slab.
— Verify the electrical grounding and the power
box before the work begins.

5 CONCLUSION

After gathering, treating and analyzing the data
coming from statistic data, and from the safety
conditions in workplaces and from interviews
made with employees of the sampled company,
it was possible to reach enough substance to pro-
pose guidelines for management tools, destined to
the environments of the machine room, hoistway
and shaft of elevators situated inside residential
buildings.

It is worth noticing that operational procedures
were elaborated with basis on those guidelines and
have been tested and implemented in the mainte-
nance services of the sampled company.

That being so, both management and tech team
are already reaping the benefits of the practice and
allowing it to be diffused to other professionals of



the area, as well as to professionals who work with
technical labour forensics.

With the use of those operational procedures,
it is expected that the professional maintenance
technician fosters a safe attitude while performing
his work, the number of accidents falls, and conse-
quently, the human and economic costs associated
with workplace accidents.
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ABSTRACT: This study evaluated risks associated with inhalation exposure to carcinogenic PAHs for
populations of primary schools teachers. Ten carcinogenic (probable, possible) PM, .—bound PAHs were
collected in indoor air of 9 classrooms at four Portuguese primary schools (PS.—PS;) during winter—spring
2014. The highest total levels of ten carcinogenic (X,,PAH = 21.3-25.6 ng m~) were found in classrooms
at a school with busy traffic (in the surrounding streets) whereas the lowest indoor concentrations were
obtained in classrooms of a school situated in residential zone (0.47-0.72 ng m~). Dibenz[a,h]Janthracene
(21-29% of Z,,PAH), benzo[b]fluoranthene (13-28%) and naphthalene (5-40%) were the most abundant
congeners in indoor air of classrooms, whereas benz[aJanthracene was among the least abundant PAHs
(1-3%). Values of total incremental lifetime cancer risks (i.e. sum of risks of ten carcinogenic PAH con-
geners) were below the USEPA guideline level of 107 for teachers at all studied schools (independently of
the duration of the employment) and thus the risks can be considered as negligible.

1 INTRODUCTION (coal, wood, oil). In an ambient of densely popu-
lated urban areas, PAHs mostly result from vehicle

Teacher’s well-being is an important parameter for  exhausts (Ravindra et al. 2008) but emissions from
successful education of students and their future  cooking, various combustions (fuels, tobacco, can-
economic success. The abilities to engage in the dle burning) are the relevant sources indoors (Wu
teaching processes are partly dependent on the et al. 2015; Qi et al. 2014; Slezakova et al. 2014a;
well-being of teachers. Factors, such as poor work  Shen et al. 2012). Once emitted to the atmosphere,
conditions, workplace relationships and intrap-  molecular weight influences the fate of PAH mix-
ersonal factors can cause high levels of distress  tures. Lighter PAHs mostly stay in gaseous form
among these professionals (Zinsser et al. 2016;  until being removed (via precipitation) whereas
Friedman-Krauss et al. 2014a, b). A poor indoor  heavier PAHs mostly bound to atmospheric par-
environment and the quality of respective air may ticles, being predominantly associated with fine
also lead to various health problems and adversely  fraction (i.e. PM,; aerodynamic diameter below
affect performance of teachers (Kielb et al. 2014; 2.5 um particles; Slezakova et al., 2013a, b). Due
Muscatiello et al. 2014). Understanding the associ-  to their adverse properties (mutagenicity, geno-
ations between school environment and the adverse  toxicity), PAHs have gained the scientific atten-
health effects is important because of the amount  tion. They are designated a